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(54) [ftui!©4&#] aisaaiEfik^y f«±z;*om*s 



(57) ami 

E±««Ji©itsiii»car«K8Eeaa[»*i»< n tweets. 

[tfifc^S] 2 4 tt¥Sft:3ftfc*fc*li 3 3 

a-^e3 5 ^nsE^ffiiaiB 2 4±ta*a6nT»j«$ 

ntH5. tfcWEtfflli 2 4 CDltHS® 2 4a teffli&b 




1 

nmmi) mmmmmt. mmm^mmm±.izmis. 

mmmzmm-^-^^^r^mmmmm^y hi-* 
mm^mmm^ zmnz \z xhy yzm-ftfa^- 

l©h7 y y-<®Jj\°i<Z>^$ktf 1-77 £*ITw<i: LIS 

#ji'ttsr«>3-^)iJi^ mMi^mmmtmu.mzmm 
tsnx^zz\ tzmmt^zmnimm^y h. 
[H$« 2 ] fifrse^frfi]®^ o t> jtfl|-?f(.Eftt8&B«JB 

n, 

msi^mmmo^m. **^tts&Ea-*JH©saB» 
*««[ia»i»iicaawK»«iEsn*ii*fli i E*©sifi 
a»E»^y h. 

Ea-^I^HMtiftSftT^siM 2 E4K0S 
*«»E»^y Ho 

5 ] flfrE*tfRlffi J: 0 to J|jr?tf.K.tBMBM 

n, Sfflg|5*^fESiitliJ:'9 : foltlIE*f|fiIffi#J^{4BL, 

[WjfcJS 6 ] tfTEttftlB. J: 0 t> AMTttEMUOKII 

WE3 - £ H »4¥«{t 5 ftfcllfrete»B©± ICJBJ* S 
ft. »(B»3ft««E*Wi±K««WK*l*U. *fciME 
3-^lioi(»»iitWe«WiSIBIfc»4JII4 0WMi3&«» 

¥ffift£ftT*3<3, 



(2) <&m 2 0 0 2 - 1 9 7 6 1 5 

2 

[«*JS 7 ] UtrgEttft® =k 0 fe*fflTfttJfE«&baaif 
Jifr&ft-^tfS&IMtfKJ&iSti. ¥S.L*ftfc*.E 

WMi±t:«tfe«»ji3i*»jjEan, tfrEKtttmiittiw 
®jssn, KrE«r*«***i(fE±«siit&-3T*3»3. 

(DStlSCMi's? Ho 
[«5R«8] StIE£««Jl©±*fcttTfc**a5ft;fc. 
WE3-^«<75SfiESuiS®«. ttG±mM*&IBn« 
Lfc*bTM h*|ailC«<«»ffi»*t»tt*ttiBT® 

(R£nTv»*fi$3fc*2, 3. 4. 6©u-rn^tcE«E© 

SBa*E«^y Ho 
[«*«9] WEJEaa»OWES(.*HOh7y^lB 

Tt>*ni*« i si^8 © ti-rn^fc E«©sttascE 

Ho 

(a) «tt«»T««ja«ji*jBi«-rsiet. <t>> 

KrE»«J«S«±1f»oT, E^«^t«*f|6]®i0 fc 

jmm icitiMi l , jjcfcitie** mm izmm.s miz . 

HtrE««J«SIB±«*«M»T*»*^UT=i-r;Hl*»BJ. 
bfc*. «rE3-f;m±S:i6liiiTrs«)*xs<t. 
30 (c) itrEteMMe>&s&H'JQ< mmmmm±mtmm 
»atii±H*m— ffit-raxst. (d) ttrE^ex 

KtE*tr«!®TO H y i7ffl^iaj<7)fg*n-ffi*^ StrEfflS) 
fflfcUB^ "=> Htn-5 tr L Tj£#5ife£/1 * - > * m 
El/y^HI«niii:. (e) tfrEJ**/'**- 
y*»fi*Lfc», WEUv'Xhll* 
liit^Igi, (f) KfE*»S)i«tOt>JPi/»l(tJP<o 
1/yX hJi£ME£tt«H±*»ei&Elfcl*Ji±Ka»W-T 

40 jfeflllCfifl|-r'B3— f)BOtfe#^^->*t(rE=E««IB 
XlC^fiKb. $>^V^StafE*fe^(lXT-$)oTflfrEXaia 

[f»*3li l] iWE (f) Xgl;:tt;lTUrFtf>Xg£ 
*-r-5rt*«i 0E«wSBi8SlE»'sy H©SSig77 

( g ) mttm&m<Dmm\z'%2<D®.wm*B&Lh. n 

Eft 2 Olfe*B©±ffi£lltrE±tt«»©±ffi4:«:ra— B 
50 Xtc^fiK-r?.I®<h. (h) WE^aaiHiO'bJP^JR 



(3) 

3 

E£««Ji*«fctf«2©»fc*JH±l;:JBfi)EU ifflEft*A 

is sis. 
ft. 

c i ) flre^iffliJBi* t>Meimmm±izfrrtTm 3 © i o 
m&m&Bjs.-tzxm.t. ( j ) d>ft< ttfMEiaa 

utnist. (k) «nE»3©ieiiJi±icmiE±aa 
iftE#frffi<fc9fcllffl | JtctegT3 3-£Jf ©ft^A 

u weft*/**— >rtic3— 

[*#JH1 3] fltffiB (d) IgftUl, (f) Igfcft 
ft'Sy KOBI^fc 20 

(i) $im&&m±izu*;7. ha&gftu wag®**, 

WE*t ftffi<fc ci t> ft#J tcfifi-r -S 3 — ^ S ©ft ^ a ^ - 
>S»fi*U S9Eft^/t^->rt(C3-^JlS:^^^ 
jSLfcQe. UdEl^X M^tSISt, (m) 10 

H£flMU KrE«4 0#ft»Ji*BiJ-3T, UirEIB4©*6 
&»CD±B<i:WE3-^g©-t®*ra— Bit" -5 IS 
t. (n) bUE3-^S±, *J:tffl,4©lft*Ji±fc:. 
8>fE3-i7««t 0 fcS^Kfroi"^^ hB£JB*fiJtU ml 
E3-d/»OS(rj|ilffi«fcO , b»SlB«Kffi«'r*WE*4 30 
©*g«Ul±©l/vX hJf #>e>mTE3-^)f ±©l/vX h 

(o) itrEft*^^->f3K±«a«s^y^-»jsatbfc 

& «lEl/yX hH^RfcSf a is. 
M14] ME (d) IiftUL (f) ISicft 
AT^TWlS$rWr^W*JSl 0 fcE*©Stt»*E 

(p) «rE*6»H±&^»tt)i±^l'v J ^HJi*»Ji!E 
L. 4>ft< <t*>ii(rE#ftffi-e©h7>;/i?4f;£iSi© 
rttB^j-isa*. WE»«i«a)i^6iitn«KUfc3fl«-3Ti£ 40 

*iSft#/1^— >*S5EUv7. hg (cjgfiXU $6.tc|fl 
Etfe€rA^->©«SB»*i(rESf«EJB±K:*T»j«-r* 
Igt, (q) KrEft*^^->rttKtt**WIBS:^y 

(r) |ftE«tt»»JiJ:CU5?^hll«r»ricb. 

*fc«fc o WE«tt*jft)i±©»isi®«*»e» A-r h^[S]ic 

0r£EIB]£ ttft £ A * - > *M L , SUEft €T A * - > 
rti»6*ffiLfc«(Eatt**WJiO-aS:|»*UT«** 
»<U C©ffl5#£iaaJf £ U ilEU-^ hBTtC 
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[OOOl] 

m^zrj *2t*£<Dffi&&mztt^TmmM.m-*5-x. 
- > tc 7 u > v > >ftfi?i±-r & © &«iiw-r * i^tc^a 

[0 0 0 2] 

H£&©£ffi] y"-<7.t>t£Z<Dm&mmzmfc,7 : —5>$: 

i9««TE*t5Sli UTSifiaSlEfik*^**. 
0 3 8 ttWE£*a&E»#3C©g«fcttffl 3ft*Slt 

[0003] 03 8 i^-rj^tc, ssa^Es^iC© 

%.1z.\$MWrrz>7>y'< # l ©fiHSSBt^ltsn^fc^T 
£9. tfiJAfcfx^-i'y l ©$JS&® l a iciJtAT. liiffii 

3 toiw-EBsn*. 

[0 0 0 4] KfESlt««E»'sy HH11 

T»j*snfc»&b«aJB4 1, MEfflSbaas4©i(c 
mh * m tt t a nfc ra d < 9smi£*ttrc» j* £ nfc 

iaaB 5 i: L Ti3 0 . tilEilllilM 4 ©Sg® 4 

a tmi^mmm 5 ©sis® 5 a tw. esh*#m£©** 

^x. iifEffiaaa)i4 tstiE^aaB 5 mn.&m. 
U6 iz&^-a&fmizmmztiT^z. 
[0005] itrEtt«)aa«4ttfrE3=aa@5i©m 

tcttA 1 2 o 3 , s i o 2 te£©SR«tt^tc«fc*#ate*6 
»l7*itiil,TeO. MEfcffaffiHaTtt. C©#a 
tt&ttM 7 ©Sffiffi 7 a IftEttBbttSJI 4 ©S® 4 a 

tWEiaan 5 ©as® 5 a t©wicanT^-s>. 

[0 0 0 6] fit, ME*aitlfelitJi7rt(c«, Cu 
ft £©»«tt*mT«Jfc a tifc 3 -f JUS 8 tfilfftS nt 

US. 

[0007] 038 (c^r ct e> i'. aeaa« 5 ©ss® 5 

a«Dl*hwH, ffii*aaB4©SS®4 a©»^-h r «t 

t)%/hs<aoTH5. s fcnaE^aaji 5 © h 7 ? z 
Twta&o> ^o«^-te»4, HtrEffiKiaaii 4 © h 5 

^♦I^[p]CD5SB4 aOdtftiD fc+^-(C/jN$<ftoT 

[0008] iffEfifia&E^'vy h'Hictoa^E® 

[0 0 0 9] t(rE3-f;uB8tcjl«$n-5Ci:tcJ;Ott 

aaaiB 4 tiiii 5 1 tcE^aif ^sstsns <t . 



5 

iillI4Ml4a<!:. £«BffiJI 5 ©Sgffl 5 a <h © 

IC±8BSJI 5 ©SS® 5 a ©iS8W*. WtlS&ffiJf 4 ©S®® 

4 aT-©B*«=kDfc+#IC/h£<&oT^£fc©, £BB 
aiI5©4&®5 aCOjttlfiJgP^-ClK^O^fb, 5$® 5 

<I> IC J: D ffi&i^- 9 *«E» S n* . 
[0 0 10] 

^•T^cDSjtBSME^-y KHTH &T©.fc"3&IHI 

[0011] (1)038 tC^t" flligTWu ffiE^Btt 
ttKM 7 0±BSKffifin*<«t L,T* 0 . £©±lc:^f£ 

fEttftffiH a iCgMTTTt^litrfSaEl&ffiH 5 ©Sffi® 5a© 
®«£/h£ < LTanEftaWSifcfS-B-* - £**#B 
£fcf5©JSE#M^©i«fE&&fi£^TSfc«> 
(C, flfffSiffi®5 a©h7«vi7#iTwSri^<-r-5^B* t * 

[0 0 12] <t-DTl3 8tH BtJie^aiSli 5 ©5gffl 

5 aO>7 5/^(ITwS:/^- %th 7 v Pit 

*t Jtv-T -5 d <b #T €T & H . 

[0013] (2) «rffia-f;uji8*»6«»snfc«» 
&»[6]®h a^#<^*tc. flfrieifigffiji 5 ©*<■©« 
mz&^T. ast*iiiiis-e-*Wfffii«*j!£:<-r*^t34* 

[0 0 14] (3) 03 8©<fc?tC, iKfE^ffl&aii 5 

m— o>m-?Bi$.2ftT^%>£. ma.Mmm 5 ©stiiEs 

®5 a©h^^i7i|lTw©*-$-®JflgtC/h$<-r^>Clt/()-5 
U -5-©fe^A^->F*3(cfi8tt«<sfSr^ y E~CB^. 

r-5gP^T©*KrEfe#A^->©ti-t**ffisgf-'i^ 

[0015] (4) ^5<^l^TYXf«OEi«# 
MO«.fltl'J«tCHI*$»t4RI:. Eft«E#:M©|5I 
(0^Z7Jft) »C»L.Tl9E±8S)i5©sa 

0 3 9 tc^T J: 5 tc£«B«ll 5 ©Jfg® 5 a ifiJEJ5W$Llt 
(ifiMT$^i. £iiI5®SIBSa^ EflM&fr 

■T^i:, ««lT*-r<fc 5 (CiS3SH@©iiJi22 5 b!i^77 
i'llTw 1 (*3lC^4*6©zinfiS^^-¥^.T-7 U >V>{f¥ 
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*5^4L. *7 h5-y^tttg©{£T^}g<o 
[0 0 16] -tCLT*«Wtt±ESe3lE©»«€r<ll*r* 

[0 0 17] $fc*%BJtt. ifSiWKOHfllitT 

«#£nfcaac&ttE±tt«»©ssffifcjtt«jfc:sit< c: t 
«ti?«g«csd[Bfteft^9 h*Ri>'^©s!j^^ffi^Ji«r 

10 ^^t^lWtLTt^. 

[0 0 18] ^fe*^BJ«, Eg/^->i:7U>y> 
0£ H t*t?I«ScSaaSlE»^y HRtf-t©»Jft*tt 
[0 0 19] 

lc«R£ *afc n >f fiftEftt&ifltail&tfttrE^flBi 

20 siicEftBff^ji&nsiitT?. Mieiiiiici 

itm±.\zBfcisn, mu^mmmnMymmzm&fct. 
©ttftBtceeu «rE<trsBffittiirEt««i«aii^6« 

n-5 \Z Vfztf-o Th?y? iHTjIpJ'v©!! ^j-ffij&<JE#-2>ft2 
tfT^f-Jt^fU J.O^fEHtFSSffl©±®©h^vi>tl73l^ 

mamm* <o bm^mm'ZBfS.ztiTmmftmtw-'tf 

^WBT©»f®W^*ffE±fiSffi«©fl5Sffi®©®fgJ: 0 *> 
30 J.oil(rSS®*», ffiFl2*f|B)®«J;0 ! bftffi'JlC'(4B'r 

53-^1*5. KrE3E«aJit««Wlwl*l*atlTVi* 
Cl <h £ ft flk <h T & t> © T * & . 

[0020] ±!2©*%bjti±> ffim^mmmtew-iBit 
zntz&mm±izBi$.2n2><, ^■oxmm^.mmm^/^ 

©tfiEss®©^ h77 mtzmmzmz z. 

[0 0 2 1] Sfe*^BJt?tt. ItfJlEiffiS*! ©was®© 

h5-^«^©tft*«. «rE»«i««**^iitna{c 

Ltttf-oTte* \ZfctfZ>BVfVB}$.-isn2> Z.£\Z£K), 
40 E®A^ — >IZ7>J >i?>#ifift±-tZ><D&m®lZffim 

-5. 

[0 0 2 2] ifc*5EI!Ttt. WE^aaii.tO'bilff 

©t^# 3 -9 m^mi^Mmm\zmm.mzmm^ nx 
Wutcio, mma-i^m^imm^mmmiz^m 

[0 0 2 3] *%Bj-rti, ^Ttc^fJ:^^*^^* 
50 [0 0 2 4] *T*%BJT-«. ittfEttftSck 0 fcSftffiiJT 



(5) 

7 

#WE&l*Jifc«»Wfc&l*s** z<d& 
mmmtm 1 t**. 

[0 0 2 5] £fc#f£BJTte> MEaEi&aJf ©Jiffldte 
1 1 £±^'0 1 

[0 0 2 6] £fc#%BJT'«, itu§E±S&ffiJi_kte» ffffE 

[0 0 2 7] t-fctt#SS0n?tt. utrEfctfaB «t 0 fcUffll 
n, *SB»**t(rE*<*JB J: o fc«rE*najiB#uctt«b, 

[0 0 2 8] Sfc«*^BJT«. WE*tiea®<fc 0 fe^Hftl 

we 3 — ^ e K^s^t $ nfeWffi*6^ji ©± \zbi8. 2 

3 - 9 h©h5ss® t itrrc*t (fijs^tc 4 commmtfM 

spsft^nr^o. 3£msii«, ME¥fi^kffi±T*«iE 30 
3-£'H«fc*taS>nTflM£nT^5 ; fe©T&£. ^© 

[0 0 2 9] »SV»tt*fEWTJ4. «?JE*tft®.£9 fcH 

TRff ^fi $ T-^fiX $ n * tt^fK* t strEtfr#«*©asss 

is an. tfrEtfc#«*©**«*WE»i*Jifc«aMfc 

jt^T»<msn, i»E«lr#fR«tf*flrE3i»«lii;&: 
otfcO, |trE^fR«*^E3-^Bt^oT^-5t) 

[0 0 3 0] Sfc*^BJT«. WE±»«Ji©±*fctt 

T«wSfee.nfcKrE3-^ii«ot(rEil(rfliffitt. BtrE3£«H 
aH^e.dtnsufc^oT/w h#fti::ffi<*sgi-E&£> 

[0031] se-tc^fEBJT-te, ltrE±tt«M<alftEtfr 
$B©h7-y^i|S:£ft©MflJSS8fl«, <8#4ffi. $>2>Wt 
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[0032] x.\z*&wiz&n2>mmmfm&^v f© 

(a) «tt»»T»«J«S)i*®JS-r4lSt. (b) 

iEii»IiI±T**oT, E»a#£<o*fria!JiS«k9t> 
WE«r«iaaii±«ci6»T«iJi ur n -r )vm*M 

bfc«. «FE=i-f;i/Ji±S<ifelUiT«iJ&*xei:. 
(c) MEiffi^o^ffl&g'Jt), ItrElfefcJi-tiStlfrE 
^lil^^-ffltt-Sllt. (d) i(rE*fe^B± 

itrE^BT©h7>yi'ffi^©Wi|S-+ffi* t » B&Effiffi) 

mmm & e. sin ■& t* b a* o tje^* & # /t ^ — > £ tu 

El/yXMlcMt5Igt. (e) IdEifcS/t* — 

>f*3(cifisae : £^-y^^bfeft. strEi/^xhg* 
iitsiii, (f) iirffiiiliiotjp^is© 

k^X hJi*«rE±««)i±^eWEI6IWi-hlc*>ttT 

n#jtc&«-r£ 3— ^ n ©&£ a^— >£itfrE3£5&aii 

±fc«*i5ltu *svitt«rE*6»Ji±'r»oTWEi«S 

WoaSSiB*6/W h#lSlK|6jWTJE*J«U WEtfc*^ 
*->rtK3-^Ji**v*#J5fcb;fc:». WEb^xh 

[0 0 3 3] ±E©JBJ6**»c.kO. 

[0 0 3 4] Sfctt^JSWCtt, BfJE (f) IgtCftA 

(g) WE£«««©WHKJB2©f£«»£JE*JiSb. 19 
E* 2 ©*&^H©-h® t «rE3E««JB«5±Hi: ® 
iCMt^iSt. (h) iiEiSffiiiOfcfv^ 

fpjffl «t 0 fcUffliJfCttB-r * 3 - i^ifflft^/t^- >S:bu 
E3E«8li*5«k^JB2©fe»li±»cJBfi!ib. MEifc#^ 
^->rtfc3-^)B«r/y^r»JSJtb>i:». HfEU^X h 

[0 0 3 5] ^O»ifi*j*fc«fc0Bll 1*S±^H1 2tC 
jfc-rSitt«$RE»^y KSHjftTSHttfTS*. 
[0 0 3 6] Sfe«*%Bjx-tt, KrE (f) xe«c«A 

(i) |dE±««)i±*^WEI6ftli±KAHtTSB3<7) 

mmmzMfcTzunt. ( j > ^< <ht>w££«« 

■©a«»±fc»BRsnfc«rEIB 3 ©iii6i^)iiC7tSP$® 
rttilii. Ck) WEJB3©i|i6ft«±tWE^«a 

WE»ftHJ:0fc*«l-te«T*a — i'Jirolfe*^ 
^->^^fiKb. iWES[#^^->rt»C3-^liS^y 

[0 0 3 7] Cl©«it^ffiKJ:0H5lC*-rSitta»E 



(6) 

9 

IE (d) Igfcl^L (f) ISiC^AT. tTF©III£ 

(1) f&Ete»Ji±{CU^* hBSflMU HtfSffiHtf. 
IfrE^iftffi J; 0 feJIMKttflri" « 3 ■ ©ftS/t*- 

fiJEbfc«, WEU'5?X MIS:|»*-r*Xg(!:. (m) M 
E3-^JI±*J«t^«riffllfe»)i±lc, frfct;iJfS4©*foli 
■ SJBricU «rEfB4©*ft*Ji£lM"3T, tfrE*4©*fe 
It Jl © ± S £ $t f S 3 - £ If © ± ffi £ R — ffi t T & I s 
<h. (n) KrE3-*Ji±. *s«fctf«4©t61*Ji±tc:, 10 

Ea-*Ji©WSSIiS«fc 0 fc**G]ffi«KHSMI-rai9E3l4 

(o) KrEflE*/^^ — >rt«c±«SJi*^y*}BBJEUfc 

[0 0 3 8] C©»ift:£i*l;:.fcDB3*fcttB4K:S-r 

[0 0 3 9] $>Z>Mt*5tWT?\** WE (d) IgTSVi 
L (f) ieKft*TJttT©Ig£#-r*"b©T»oT 20 

(p) mwnm.m±JBLU^m.m±\zwj7. \~m&Bf& 

iHtfe * a ^ - > ©ssggR * hu mt&m.m ± t c * t? mx-r * 
iet. (q) *iiEifc*A*->rtfc«tt»*4Ms*v 

(r) SSiHiittWllCI/vX M4Mb, 8^3! 
|fcfc£0ME«ttWtt0±©»ffl®fli**S'W h#l*HK 30 
Bf^eifc^tfltS^- U f&Eft*/^-> 

»< U U mlEl^vX hSTic 

[0 0 4 0] c©«ifi*ftirJ:0H6t*rSifi«aE 
[0 0 4 1] 

mm<omm<ommi hi»±*5ew©jbi*jb»«8©s 

[0 0 4 2] BifcSTSia«ft£»^yFHttEei« 40 
#M{cStt«Sf?-$^-x, EttttWfrMOA- FffiM a £g 
B^|RjtCfiB{fcS-l±5t>©T&5. 

[0 0 4 3] iSEEStt#Mttf^X?«f*0, 
«®IC?igafl:©S5 VV\- FffiM a rt^lCfiS&SiS 
^©iftivy? h®Mb£#LTi39. f-fX^fflW 

@tett ^'L- 1 & o t in te $ -a- <-> n •& „ 

[0 0 4 4] WE*ifi«StE»^y KH©X7-f y 1 1 
ttA 1 2 0 3 • T i C&£©-fe5 5 5»?tt»T»)SSnT 
43 0. x^^l l©*f[6]ffil l a*<KrEEfiU5E#M{;: 

ttftu E«u*#M*«[a<E-r*t. *®©as««E^«to 50 
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7^1 l#ESM»#Ml::Jg»-f 5. 01(Ct3^TX7 

-r^i iK:»-r*E»«t#M©e!»*i^ttEisz*fiiT 

[0 0 4 5] KrEX5-f l©ffl«ffil 1 bfctt. A 

15 4^MSnT. ^©^5Stt*6i^)S5 4©±lCS£at 

[0 0 4 6] SM5tt*BlD«H B tt, T^6T*->— ;U 
h*H5 2, *fy?15 5, eSUttfBft**^ 5 3 . 43 

f 5 311 (AMR) E*5B 

^ffita^l* (GMR) PSt 1 ?. h>^;US«S^/t«l* 
(TMR) ^^CifTfe-S. 

[0 0 4 7] !ME±«'>-;P KB 5 1 ©±KH A 1 2 

Oattiis i o 2 tjiii<Dmmttw\z£.z>&mii8i®im 1 
2«^nt, ittE^iitt^i i 2©±tc*%^© 
E®ffl©satfiBi^Ee^y KH75^^e.nT^-5o 

TSi* «»E»^ H H ttfttt^fiBtt&Kftftft t* T?» 

SCBflUEflt^y HH©E««t#i©*H^lffiH l aH. 
ifTEX^-fyi 1©MI»1I1 1 a igg|-lT*§. 

[0 0 4 8] iEitS^ES^^ /WD 
-f (Ni-Fe) ftfO*8ttttfi*«^ 7*Snti«l 
&&B 2 1 *^fi£$nTtiSWE#ffiS'l4«6iB:Ji 12(1 
WEi«ia*I2l0T WIiI2 1iX7^yi 
1 ©fflWiB 1 1 b t©M) £ J:tfftlEft&ttl8&fli 2 1 © 

Sffltc^^nxvis. ^-Lta i tc^-r^ic *ttb 
mas 2 i0gi (J:®) 2 1 a £iftmm&mmm 1 

2©*ffi (±ffi) 1 2 a <h«Bl— ©jpSJiH^BbTH 

[0049] hi \z7jk~$~£. o \z. -mm^mw la^o 

12 1©S®2 1 a±(CN i - FeS:i:CDiMI2 5^ 

[0 0 5 0] tEiftI2 5©^BtC*5^T. KTEWI4 
ffid 2 1 ©S® 2 1 a 43«tZ^tfrE*lKtt*6^e 1 2 © 
iffil 2 aXtC, A 1 2 0 3 ftt*®attteil2 6*^ 
SESnt. ^©*JK14*6iSB2 6©±{CCuf<Ct*©#m 

««EttK^^ — >JBJ*SnTV»*. 3^;UH2 7©## 
I^CjffiOttttiS 2 7 a±tCttJSIi;< CuftfOtttttt 
^T-^fiX$tircJ£±tfB3 l^MSntl-^. 
[0 0 5 1] ME3'Om2 7fe±£WfiLhtf«3 ltt. 

^->*x t*©****»©i6i»« 3 2 tsasnx 

43 0. $e»lC*6iStB3 3Tffi^tlTl^. 

[0052] mmmm 3 3 tt**«s»»»-c»BRan 
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•a z u<, mmmn&mumtLxu, ai 

O. A 1 2 0 3 , S i 0 2 . Ta 2 0 5 . TiO, A 1 N, 
A 1 S i N. TiN, S i N, Si 3 N«. N i O, W 
O, WO a , BN, CrN, S i ON©5^'>&< 

[0 0 5 3] ^LTfiiJE^iK@2 5©S® (±®) 2 5 
a. J£±tf«3 lOil (±ffi) 3 1a. isiU^iiii:)! 

3 3 0SS (±ffl) 3 3all IW] — Si^t-Si 5 [CjJDX 
$ ft T ^ -5 . d © £ ? ^^S{t»DI(if*j2EOKjt^teT 

mw-rz&oiz, cmp (^rs*^ • • jJ?U 

[0054] ^o^iiffiiiTH utrcieiKa 3 3 © 

Jit;, £M12 4*iM$nT*0, fi-FfE^i&ffill 2 

4 ©MSSffl 2 4all Htrffitt ft®H 1 a t |W|— ® tSn 
TH*. *fcWe£««»2 4©a£SS«2 4bttfME* 
^« 2 5 ©±ffi 2 5 a±l:M3nxIOTl:MgSn 

[0 0 5 5] 111 1 (C^-TJ: -5 IC. itfjfE±S&M 2 4 ©± 
tcte, N i FeMSi'©3-i'i3 5#l*36nti 
fiSSntl^. *feffrIH3-i7B3 5C0^K3 5 a 
te. milE*t|S]®H 1 a <fc 9 fc/W F^ftlUltC'figLT 
SflE^H 1 3l*3iraStT*3D. *ff6]®HlaiC«^ 

ftTt^fci^,, 

[0 0 5 6] &&*fPJTtefiflfE3-^Ji3 5 ©SHJSH 

2«. aeesffis 2 4com/»h i fejp<^sn-g.o 

[0 0 5 7] SfetfifH3-i7(13 5CDmjag®3 5 a «, 
135 ©iWjS® 3 5a P.3©^:*! 0 « 9 0 ° £X±.T'3bZ> Z 

twsLu. cin{cJ:oTMiHissise2 4^effrffi 

3-i7B3 5tCf6]^Tjin-g.ffiS^*^<T-#mIf5ifflS 
-5. 

[0 0 5 8] JfcBl {CSTi-SlC, WIBJS-htf H 3 1 
©S® 3 1 attt'J- FJB3 6«Sft. U-FB3 
6^e»SffSSJ£±tfH3 l*J:tXn-f ;M2 7(Cf2^tt«t 
©#Mfca*oJ«E£:&-2T^3. &i5, HfJlE'J — HI3 6 
tt. ffiE±fiMlJI 2 4*3^^3-^113 5 tPI UWttT 
*«fctf£8«J12 4i5«fctf3-47li3 5£U 
-FIB 3 6*. raB#K*y*T»J«T*£<fc#*niET?* 
*. fit, S9fH3-^B3 5*5«fctfll&8E'J-FJ13 6 
**WE««B1 3ic®ftftT^3. 

[0059] mi izmtmi&MmMiWt^y f*s±*^ 

JLifc (^BP*|SI) ¥®HHi. ^JAtfSl 0©£?lc^£ 
ft£„ E 1 0 W^PB0fc^T«t'5l-. fiJfE£J&4SJI 2 4 
«, mlSg®2 4a©±ffl (iIII2 4«hl/-U>^ 
#J©®) #»/hfch5v*lITwT»fi&Sft, C©*t 

2 4c»^nxi^. £.fzZ.<Dmj5ffit&2 4 c ©S 
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sa*6tt«*««2 4d*«®issnT*sD. tum&ism. 

[0 0 6 0] Ell 0 ICtpT-J: o lCfifJfE3 — £ m 3 5 H. 
ME^KM 2 4 2 4 d±fc*taSftTJBjS 

3ftTH4. HtJfH3-^J13 5tt. MbJlMttClfl 

wsnxv^. 

[0 0 6 1 ] ft:fc#fgBJTrte. HtJEttfrffiH 1 a icSttl 

io Tzmmmmm 2 4 ©naas® 2 4a a*. tftc«j«ji»a 

B2 l©inl3fS®2 1 b©I«iOfe*fl-^i:«S 
T. #>J AtfH 1 0 Ic^k-TJ: -5 tc. ftftttltt&JI 2 1 © F 5 

[0 0 6 2] te&H i o tc^-r^tm— Wcj&ii'-f. * 
fPJfi;i©ffimtC|&^£ft3t>©T«&^. -rft*^* 
JSBttt. MflEa-^Ji 3 5 SrfiEttftBH 1 a i¥ff 

^^r«i^e,«KffLfci^©$>-5WB©®»^\ tfrfa^a 
SB 2 4 ©UtriS® 2 4a ©®«<k o t>*£ < ^n««k 

20 H. 

[0 0 6 3] fefcXSi o »c*-r«tJftTtt. ttrffia-^ 

lWE£ffi£ffiJf 2 4 ©f£3£mHS 24dT©F5"y? ffi^ft 

JltSrt^LK l»8E±ffl«Ji 2 4 3 3 

K©aHl^J:0. WE 3-^113 5^£II12 4<fc0 

->S«^ITL. B9E3-*J13 5 Si5r5£JBttT»jD 

30 [0 0 6 4] 7ifc*L0iJ*J£EI 1 1 (lESS) C*tJ:5 

tcstrfa^sssB 2 40h77ffi*isi (Hisx^) © 

M«IK:«rfcK:JS2 0|6IWi5 6, 5 6£fgJiJtU CMP 
a*fc££fflV»Tll&ie±SflE«JI2 4©_h®2 4 e £«ME 

2 (Dm&m 5 6 ©_h® 5 6a ¥®±ICjnX 
L, ^©±iCfltfIE3-^)13 5&®JSRf*»^ HI 2 

112 4©F7u/i7*S*[6]©tH'!*J; , 3fe«*-l±5bT^)S: 
©±® 24et$2 ©iiife^ll 5 6 ©±® 5 6a 

40 \zw-m.it^nx^^>ztx\ -e©jiic^^n-5 3-i7 

113 5 ^/^->SSS < Mt5 i t^TtS. 

[0 0 6 5] uammm 2 <Dtmm 5 6 

tt. AlO, A 1 2 0 3 . S i0 2 - T a 2 O s . TiO, 
A1N, A 1 S i N, TiN, S i N, Si 3 N 4 . N i 
O. WO. W0 3 , BN. CrN. Si ON©^'>& 
<ifciaR-h*ii^T-#^„ 

[0066] &tzm 1 izm-tnmMMTte. mmmm 

12 4 7&iftrE*flRlffiH 1 aft*&iErG&iftJ!2 5±{C^"Xr 
50 Hitf$nT»fiJESnTt»a*<. 0iJAtt'S<IIE^a®B 2 4 
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#B<»tf*n. sfjfE^^B2 5 iOfcfirewrsiBH i 

a MlZgffiWW&W-r % <t 5 (d^J* IT t> J: 
[0 0 6 7] WE3EJ63SH 2 4CDJ1BICB 

■ 3 5S»«t6. SfclWrlE*2 0ls6l»Ji5 6Ktt. tfi 

-^13 5£*-;/*0fiJtLT> WK3 — 5<fc8&«E 
g2 5 i^a^WiC»i^^-t±-5o 

[0 0 6 8] 0 2H #«HKfctt*«2£fliJBjiB©S 
Ol««E»'Nv HO*iftS:*-r«WffiBn?»a. 10 

[0 0 6 9] El 1 <h©*BS4,&te, 5EfiSffi«2 4i5<fctf3 
-i7J13 5CD«jtiC$>^)= «fJE3-?H3 5CI1H4 
tffiftE±8SJI2 4<DmmH3&K>m<Bf8.2tlT^Z> 
^ttHUT?****. ME£««Ji 2 4 tt. MMHla 
i6»6A-f (H*Y*|fil) Cfi<»*3n. flfffS3£ 

affi«2 4K>&3g®2 4 f ^e>SfrfB3-^«3 5 ©MSg 
H3 5 atfttSlWfcJftttU mH23-^®3 5#VW h 
^»*lC|6ilWTKHSIft*Wi 3 3±l:M«nTl»5. 
^LTffrf53-^J13 5 WS5ggR3 5 b^85E^«2 
5©±B2 5 alC^jfcSna^WfcaMftSttfcttJBKfc 20 

[0 0 7 0] HI 3«ll2©iiitiSSMfE®^.'> HWSpffi 
iirfEifiSffill 2 4 «, iiu$$® 2 4a ©±® 
2 4©h V— 'J > ^ffl!l<D®) 
161 (B^X^IrJ) ^®*S^-ffi^a/h^h7^^"llTwT 
^fiK^tl, CODfT+ftfCT, A 

5i«ti^SntV^. /«t*501 3(C*-r=fc-5 

(C. flftE±&SM 2 4 KttA-f h^fag^fCfttf T h 5 

y ^«*|flJ^O«-tft*«i(RjfcWtl2:*«*a&SS«« 2 4 d 30 

[0071] mm^mmm 2 a om^m 2 4 f 

E3-?I3 5 ^^StlTiJD. |ffE3 — S\$ 

[0 0 7 2] tefcEi 1 3 iz^irmmt— Wcil^T, * 

SEWTtt. WEH-^I 3 5 £jtuE*fft®H 1 a 
^(pj*^9J»fLfci#cDftSBlfffl©ffl«^ MELEES 
@HOHfjffiB2 4 aCDl»J:Ot)**<ftntf«kH. 40 
[0 0 7 3] H3tt*»M»c:*sJt*JB3SjElit»li©®E 

[0 0 7 4] EH£©fflS£j6tt, £S&mm2 4*5<fctf3 

5 ©m/*h 6 itwimummm 2 4 ©bijsh 5 ictt^T* 

t<fetl^i!, BtJE3-i7)13 5 «MIE*6i^e 3 3 
d±(cm$n. tfJfE3-i7*3 5<DSSSjgfl3 5 bttffi 
E&J&JI2 5©±ffi2 5 a{caS^WIC^$tlT^-5. 

[0 0 7 5] £ it jjilE 3-^)83 5 0MS3 5 ate. 
Tffirt»£±HCfattTWIE*ffilfflH 1 a (CjficK {fif^S 50 
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±fc#J5SSn*±»ffli2 4c7)TE«httriE3-i7)13 5 
©BASS® 3 5am^0ll9 0° J^±t?*-5^t*<» 

135 l£|6]ttTffln-513£#£'>fc< T*fltrE±»BJi 2 
4 tc J: <0 £ & tp t£ * H <h #T # * *»6 T*& -5 . 

[0076] 0 3 cist J; oic mi3—t>m3 5<Dm 

fflte, Srfc&flS4©«5J*IB5 7C±oTi»6nTlrJ 
£>„ ft&EI 3 iC;STck -5^3-^113 5C0MSS3 5 a 
cfcDfctftffiHl a filteffiEft 4 (Df&flM 5 7 ICi-^Tl 
*5n, fifJESS4©*g*ljl5 7 jWJfrEfcfl&JffiH 1 a*»6. 
gift*. #fgBJTte, fl&Eft 4 Of&flM 5 7c75±ffiiSfl 
E3-;?Jf 3 5©±ffittCMPSflf«tt**fflV»TTa<t 

[0 0 7 7] MEffi 4 ©$68:11 5 7 ttft«M6Mttm-r& 

AlO, A 1 2 0 3 , S i O z , Ta 2 O s . TiO, Al 
N, AlSiN, TiN, SiN, Si 3 N 4 , N i O. 
WO, W0 3 . BN, CrN, S i O N <D v 'Pfc < £ 
%11W±^IKT§5„ 

[0 0 7 8] *LT#5Ei|liTttttrE¥SftSftfca<rEJS 

4 5 7±A^H-JI3 5±iC*HtT^a^B 
2 4#fflESntV^. 

[0 0 7 9] B 1 4 ttE! 3 K^TSitHSUEflt^ yHC 
¥ElT$>i.. El 1 4 iC^Tct-5lC, mi3 — ?m3 5 

1^3 5 c ti©*sa*»6A-r h*ift»*iciejWTKrE 

[0 0 8 0] tt*5|t(EW*«« 35cfflh? y ^7*1^[&] 

[0081] ei i 4 ic^rj; ^ tc mieie 4 co*fe^s 5 

7±^^>HUE3-^B3 5±(C*HtT^fiK^nfc3£aa 
§2 411 2 4a ^WtrE*f(6]DiH 1 a td^tl, Wl 

EI&SBM2 4 aO±ffltth9y^*BTw-C»BJt3nTU 
-So if[IE£IlI2 4(t WEWSBB2 4 aA»6A-r h 

(Bj£T»«*nfcKr*«H*2 4ct. mm^m®. 2 4 

c *^ 6/W h*l6]»^iei»tT h 7 y ^«©-+ffi*«J«* 

[0082] te&Ei 1 4 ic^r^tt«— 0dtc iftsrr, * 

%BJT«, iWE3-^|g3 5 SrSfrEMr&JBBH 1 a t. ¥ff 

1®)l©HflSS® 2 4a cDffiffi <fc 0 t)^:^ < «t 
[0 0 8 3] «|^.«KlE3-^3 5{Cit>I«ffl©Stf^M«3 

5 c tt»issnr, «*««3 5do*t»ritstiTv> 
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[0 0 8 4] H4tt*«W»C*J^*J84*]S6»fg©SE 

[0 0 8 5] 0 3 £©iiWa£««JB2 4 ^SfJfE^f 
H 1 a*5/W h^|pl^l:S^fiSTMSnT^5 

[0 0 8 6] 0 1 5 teEl 4 (C^-r^lSJHmfH^^ y H <D 
¥S0T&-£><, 0 1 5 IZ^tJi o tC, tflE±ffl£&B2 4 

tt. iKrEa-^Jf 3 5<D±ffl£H— ¥fflEfc:3ftfcJ64 

©J&&B5 7±^e.lfTffi3-^B3 5±lC;JH*T$S^§ 

STMsntv»5. ire^flssii 2 4 a. -t-ou&sss 

2 4 &<D±M<D hyy t>1&J7lPlV>&2-tfi®L'hti. h77 £ 

^+8:4: 0 fe^Sltfc&oT/vf b^ftS^jtcpSjtf-Tff;* 
6t^nTH5, 0 1 5{C^-T3-i7(13 5lCtt0 1 4 (C 

*-r«fc^7iti*ffl^Bfj^m^3 5 c*«snx^!S;n 

^B 3 5 IS h 7 y 9ffi^fa<Dm-*&1) i WiX.VllZ)£;tf2>B 

[0 0 8 7] 0 1 6 \tm 4 KCD 
#J<7)¥S0T$>O. 01 5£:(£>*H«t(rE£ffi£ffiB2 4 
tt, 1Siffl©W^ffi«2 4 c <fc-5-<£>£Sga>£ h^y 
|^]'\0(i^-ffi56i*^e<]{CJ[£:^-2)^««E2 4 d tT« 

2 4 ^<nm.-$Lv>m-x*&mz-$z> z. lwvz. 
8ji*«i;:i«e»**{i:*ei* c: £&mzfcmmmmmm. 

[0 0 8 8] fc:*50 1 5 & JcC/0 1 6 \ZwC?Mm*— 0>J 

^. tafe-fe^WTtt. ft«FE3-^B3 5«rt&K*tl6] 
SHI a<h¥ff^^e.^)»fLfc<i:#CD&-2)WfS©S 

[0 0 8 9] BI5tt*»BiC*Jlt*jB5*JE»li©£it 
«SUE»^y KO«it**T«»fHBIT»4. 

[0090] 05 \zm-tmm.Mms.wi^y rsi t-e 

tt. $SI12 4*3=t^*3-i'J13 5©fliigj&W«C<5. 

[0 0 9 1] 05lC^T«jgTfc. 3-i7H3 5 ©fltJP 
H8tt£)B£ffiB2 4 0«fH7J:!)t>*t<»JSSnT 
t^Stf*. frESfiSSe 2 4 ««FE*6i&e 3 3 ©±S 3 3 
affe?T, ftFEfctfaBH 1 ai^A-f (0S?Y 
^tC@US$TJB^$nT^S. S £ tCltUE* 
««JB2 4©tfcSSffi*»S/vf h^ftiOLSEIIti&JoU 
T, «r!fcftlB 3 ©Ife^l 5 8 TPItrfEteftlB 3 3 ±tc»*a 
T»flESnTU4««. IMEJB 3 ©IftlWB 5 8 tt«r8ES5tt 
i2 5±. U«tl/JS±tfJB3 l±K:tt»J«SftTW.C 

[0 0 9 2] ME 5 8 »i*itMe«*f»T»JSlc$n* d <fc 
*«»*U<. WEfcaUfeWsmtLTtt. AlO, Al 
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2 O a . S i0 2 , Ta 2 0 6 , TiO, A1N, AISi 
N. T i N. S i N. S i 3 N 4 , N i O. WO. W 
0 3 , BN, CrN, S i ON©p^'>ft< 1 

[0 0 9 3] *fcStfEfB3 0|ft*Ji5 8®-»«, SdE 

2 4<7>g3ggR2 4 b±i:iW3fi!c£nTHftlA, DIE^i 
1124 ±J-»«3nfc«lSEJB 3 ©iffei^B 5 8 «8H£© 

^fissi 2 4 s««-r4«#j*s-r*. 

[0 0 9 4] |ftE£tt«j|2 4 cfcDfc/W h^rlpJ^tC 
B>££ft*:f5 3©ii&itB5 8±ic(43-i7B3 5jWBj* 
SftT^S. mrE3-^B3 5 ©IfcfrttlMEiB 3 ©16* 
B5 8t»fi!tSnfc7t»5 8 a &«ffl-r**flE£B« 

b 2 4 ©asggfi 2 4b ±icffiSsnxs«EiKffii 2 4 

[0 0 9 5] StE3-^B3 5©SfJSS3 5 ate, *fffi] 
SHlaiO t>*fllfcJBJSK3?n, JftEUffSfSS 3 5 ait) 
20 t>^(p]SH 1 affl'Ui. »1IB 1 3 (Ccfco Tiffed nfct*C 
«K&oT^*. $fcSflESfr^S3 5 a ttH 5 KjSTJ: 
■5 Ic, TSd^JtStCrtHtTA-f h^falcftttTSK & 

3EE81SB2 4*^|tfE3 — ?13 5CWin5It 

[0 0 9 6] MEmfSffiS 35a tTEIB]©^ 6> 9 
0° WlX^CiWSLH. $/cBfrE3-^B3 5 
©*SSgfl3 5 b«iflIE»tI2 5_kfc»j*anT««w 

30 [0 0 9 7] *fcWK3 — *H3 5£R|— IgTTBJGKS 
tlfc'J-KI3 6te, HffEJK±tfB3 ucMsnx 

[0098] 017(40 5 ic^TSttfiSME^^ y K © 
Wixa&5. 0 1 7 tc^f J: 5 tc, lftE£ttSB2 4 
tt. iuSSB2 4 a©±ffi©H5y^«*ieifl)« , tffi*«h 

3j»j|f^B«)K:fl:«**SI*««2 4 d tXlfi)E$nx^5. 
40 **^i»4-j*«tt^r«t"5IC. IfrE^BSffiB 2 4 « h 
77^HTw$:ffi-3X, ^S^ttA-f h^[6]lC[fi]ttT^> 

[0099] 017 izmt <t ^ ic me^siaiB 24© 

»Jffi^2 4 b±{C5SMfl < )iC^by u c3-^B3 5tt, A 
iJ^SMTM^tlTt^. ^t*5StTE3-^B3 5(7) 

iiE*tifiiiH 1 afiijtctt, 01 4un-r:^tzmm<Dm 

[0100] ?i£*50i 7\z^-rmmt— mz&g-r> * 
50 2tmiz.<DMmzmfe-2tiz>hv>-vMj.*,K -rttt>*>* 
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RETtt. t&K3-*«3 5 SrMIHMfSlSH 1 a t W-fr 

ffilf ©fffS&® 2 4 a©®*S<fct> b±£<fctltf^K 
[0 10 1] 0 6«*:^IC43^-5.^6^SE^ffi(DSE 

[0 10 2] HI 1 <h©iH^ct, 3E.ffi.Um2 A t3-?m 
3 5CDlf)fi(C*-g). BI6Ti4, mlffiiaSB 2 4 ©gR# 

9 ^MIEi^ift)! 3 3±\ZBtiZ.Hnx^Z>. H6iC^-TJ: 
5 (CS(rfSattW)N-@ 6 9f4, BufH^flPlffiHl a^e./N-f 10 

3 5 £&3&*fi*£©a^3 5 bttffrE&iKJi 2 5 © 

±125 aizBfc2nm^&)\z&m.2nfcVtm\zti.-oT 
us. 

[0103] £ ©HJg^T^H 6 (c^-r=fc 5 l-ffJES 

-^ji 3 5 (ommu 1 o «fns^ffi)i 2 4 comam 9 

[0104] 111 1 8 l,tm 6 IC^-tHiSEaMIE^'N y h* © 20 
jpE0-eS>-2)<, 0 18 CIthTJ: -5 tc, ZEBSffi® 2 4 ©fff 

ssb 24a ©±s« h ? v !7<mJi\>>}<D<m^mtfWhti. h 

SVi«A-f h*|oHC|6]ttT^i|SJ£t!S:-5Kr^rm«2 4 

c **»jsjtsnitriE«r*«*2 4 c &m.mmm 2At.ts.-o 

T<^*>. -€-UTKllSt(r^««2 4 c ©SSSrt^/W b7j 

-So 

[0 10 5] .W_h, HI 1 fcl^UB6 (C*-r*5gBJc75|IM 30 

tb2>t#.<Dm<0X&2>. 
[0 10 6] (1) ±ga^rtl©HM^ffi{C43liT ! b«ff 

e^mh 2 4 ttfaft^ntsicMsnTv^. 
01, hi 2, 0 5:fc<fcy:n6tt, $&mm 3 3 ±.iZBl$.Z 

n, flftEtfifM3 3©1I3 3 ateCMPStffffc<i:t;:<k 
5W«iPI{C«toT^JS<t$tlTVi«.. £fclH3*Scfctf 
@4TH 14(9^15 7i3«tO:3-i'@3 5 ±\ZB 
IStSft. ME* 4 ©IfeIWi 5 7*5iZ>*3-^ll3 5©± 

MttCMPa*fc<!f©W*toite«fcoT¥Sfl:^T^ 40 
5. 

[0107] rco«t-5fc*5!BJT{4^TncDSIi6®«iT 
fcMia^fiSS® 2 4 «¥fi{t®±{c^$nxi/^fc 

±$-t*-<5 ftE£ffiSJI 2 4 ©$$ IclWSig® 2 

K»J«T* ZL t Lfctfo T#f£BJTte$fe h 5 

itiztimvimfj.mmffimm'w v&m&Tz ztA^ 

&X3b2>. 7i43*%WT«mf8a h 7 y ^TwIlO. 7 50 
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nmOTTfc5CtWSL<, J;O0iL<(iO. 5 
[0 10 8] (2) *«Wrf4V»m©H!6®l6T"b3 

-?I3 5©B£ff££fiBffiH2 4roiU<k0t)J?<M 

fj. ^-rn fcisssH 2 4 13-^»3 5 tim*\z.te 
fustix^. z\<D£?\z£.mmm2 4 ta- ^H3 5 

<h©g!iilg£SUlg<hT&;itlc:«k0, sgfitcffllJP© 
j$t^£fiB«B 2 4 tIf©li!U3-i'I3 5 SJBfcrr* 
dt*«-C€r, J:^TlfoE±attli2 4©tif*|ffi2 4 a<fc 
Bt>+#K*#^»rffi«StfT*StrE3-2IB3 5£f 
BRTtf*. t£oTiitlE3-^B3 5 ft* €> KfESffiSJI 2 
4K»»l;:E»«MH£*< ££ft<T#, ffi&3?©il>&#l* 
A!fi<ft?T, *— A— 7-f hflfttSftLhT**. 

[0109] ifefeHi 6 iZTF-rmmmmTiz. &BM2 
4 ia-^13 5 tw— mzBi$.2nx^z>tf> z\<om 
mmm\zn^x%. sme3-*»3 5 t^mmmz 4H 

Ka«*»W4itT. tfffE3-^e3 5(DMJP£litrfE 
2 4©Mff«tO ! bP<^-r^)-<i:^BJtgT$» 

7ct43§sit*ft»cotiTf4^ai-r*. 

[0 110] (3) HlftV»bB5»Cw-rSltt»i6'C 
f4. ^ftlfe±Sffi!2 4*3ck?>*3-^S3 5*igU^tC 

£. WBH3-^®3 5C0tB^j-ffitS"JOfe©tLTS:S-r 

[0 111] -r^t)^Se*««t5lCiffiSffi«2 4 £3- 

wTM$ntiiI12 4©/W h-^[pj^©g£^& 
§Tt^iOS< U ifrEttftBH 1 aft*£>/W hj5\ft 

^ne t*E(**«iitnT w«c tcffijE© 3 - ^ e 3 

T, WEi«SM2 4lC«**»WS*a21i:3J«T*ilS 
[0 112] Lft*LftfE£8£ffiB2 4CD/N-1' h^lSj'v© 

itrE^ttaa 2 4 © atlas® 24a ©ti^-fe^Rif^o h 7 

2 4©^W«^Oi|-^%*L. J ^t"<7 t cC?). 
[01 13] J: o \z3Lffi.Mm 2 Aii 

3-?i3 5 £&m«izM&-?z>m'&* mz.temi 2^ 

El 1 7 (C^fct-plC, ME^S511)12 4CDh5y^*IT 
w"C»J«Snfc(Blffl©W*«[*2 4 c 6ft<»fSLT 
t>, KfE3-^B3 5*l»EiSB«)i2 4©Kr*««2 
4 c ±^Tlcfi4a$»fc-ar. SuE3-^B3 5 SrKfE^ffi] 
®H 1 amzm.~3ttXl&l$LTZ>Z.iitf*S&\Zts.Z><DX, 

mizoMito&mzzttfxgztimz, mm^.mmm2 

4 £ A*- Wrtg.<Dh7y9mTv/XBl$.-r 
ZZ.iitf*jmtzit3.Z>. 3.fz3£ffiMm2 4*5J:Ot3-i7)S 

[0 1 14] J;oT±E©M^e)-rni4EI 1 
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II 1 0 \ZmT£ o IC, S««B2 4K»j«3ftfc«l£© 

es&sn 2 4 ©«r#*i* 2 4 c £l 1 tc@< L&w-n 

lift 6 T, h 5 -y £ «g T w*»»tt (C te* 6 O £ #3££ L ^ 
CMP£ffilCj;^TiiuE±aaB2 4fc£Z>*ffS2 

(Dmmm 5 6 ^fsftttin 3-?b 3 5 zw-mit-z 
nt^m 2 cd*&»b 5 6±(c^-rscii:^Br«g{cft-5o 
-c, ei 1 2\zm-f&o\z. ^mmm 2 4 ©w#«wt 2 4 

c ±tC3 — ^113 5 SMftfefti* -5 <toT 
«rE*»«)B2 4©t6#«*2 4 c£L 2fCg<i£«L 

[0 115] (4) 2|£fE^©V>m©!li6JB^T? ! fe. si 
7*5«ktf0 8 (l^TtifciESE) \ZmT£.5\z. 
124 ©ffflSffiB 2 4a ©#M 2 4 g , 2 4 g A^TI* 1 5 
Jh®t;i|ri]ttTl-7-y ZmJSH (0*X7j|r]) ^©iHTt-ffi 
a*/£**£ffi«*B&SW*J$ffl®<fc&^Tt^£>. ^-UTW 
E£i&1IB 2 4 ©infS® 2 4a ©±® (3E8B1SB 2 4 05 
Kl^-'J >r7*#J©«®) 38* h 7 -y i7*MTwt LTISJ^ 

[0 116] £©±5tCiiuE£5MsB2 4©lifiag® 2 4 
a0M24g, 2 4gA«MHab4V>li)«iat§ 

ft, irlE*r*ffi2 4 a©»***(«ia*»ttT»*t, tfr 

©MTST.t^CX + a-ft^UfciL.Tt), (i 
i i) TtfT WEfl'J22 2 4 g#E@ b 7 -y £HTw 1 j&> 
&#J7j^*tc^:# < te^fflT Z. ttfti. V>„ <fc o TSfJSE 
fiiJia2 4 gi:i5 7U >> f >y*KihT^*«fc^(cft 

[0 117] *fcg|7i3«k^BI8 0^{C^rcfc^lC. 
ffiE±tt&M 2 4 <7>TOTWwflM£ftT<^£|&&JI 3 
3, 5 7®J:I3 3a, 5 7 b tt. ±S8HB 2 4 *<=>ltf 
ft-5(cL7t^oTTB*f6l^-M^. *I.WigffiLT^ 
dfttt. WEaES&ffiB 2 4 T£m©S&E*6»B 3 

3, 5 7 ±.\Z&J$.2tirc&ftti*V*Ti&m7 l 
T -2> ^,©X y ^ > y <D&W tC J; -5 fe©T*|i -5 . 
[0118] (5) EHftVsU0 5tr^THSS^©«t 

^it£®an2 4 t3-i7«3 5 t*au*»c»jsjt-r*« 

[0 119] C ft fC<fc OWE 3-^83 5 J:0t) h77 
i7(S7j|6]©»r®^/h3ViffrlEiKffig2 4©Hu3g®2 
4 a7^e>ffi®J»fls:M©/\- HEM a Idfcf L«S©S5UfiB 

m<p &mmjj}fi\z-5-?Lz> z ttftiimz& o . a*— ^ 

[0 12 0] ^CDSaa^IE^^-y KHT'li 'J - KB 
3 6*^1/^^12 7tCE»«8tE3^#A5ft*i. 
3-f;H2 7S«Eft*«8ft©««E«#ICj:-pT«itta« 
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12 Ii3-^i3 5fcffie»*A<»|#Sfta. 

mmjzTjkr^oiz. *fr&i®Hi ats, ntjE£mnB2 

4©iW«ffl2 4 a tlilil2 1 ©SfjSS® 2 1 b*<=> 

V7 MBMbSiiii-r*. s&Eiissaie 2 4 ©w^gffi 2 

4 a OBBtttftt&lttffil 2 1 <DVsmm 2 1 b ©®8U 0 
"b-HMc/hav»fc»K:, ME^OISJI 2 4 ©itiS® 2 4 
at£&ftEl^tBS©flS:£<l>7t*m4'U COltfLTl/^ 
^<DtcJ;DHfjE/N- KHMa*<Sit^|pl^ffiS'ft$ft 

io x, ascx-^atEftsft*. 

[0 12 1] ^tSSIJ6»*Boatf[«»E» / Ny HOtH 
ffiTjffilc^^T^TlciKBj-r^.. HI 9&Vil02 lte 
#*te»!IO*ilO«JSXST»*. ft*SBIl 9*50 
3 2 tc*-r-XSH»S*1fi[«»E«^'y KotKWfiBH* 

[0122] 019 tcsc-r m-m, ^bmsj&mw i 2 

±(cmtt#i&8!©*il!iiS£ffiB2 lSJBjfcUfcfc. MEM 
gbttSM 2 1 ©/W h*N(»*'bi(rE#BBIttiMM»)i 1 2 
T-Hi*. * <=> IcMEfctSbSBffiB 2 1 ?N81£ffettJI 
20 1 2©J:B£CMPgffift££^T¥:&ft»DI-r£. 
[0123] ^iCtuEffii!ja®B 21©Mh 7j |p]^73 
fC. «ttWI4«OSEatlB2 5*yy+JKfiEb. s^tci* 
Effili&ffiB 2 1 JiBrt^JI^B 2 5 CD±atC*HtT* 
tllfe»W»6^^y^UT#attlfi»I 2 6 Srffi^T 
•5. 

[0124] ^tc0 2 o I- s^r J: o 

2 6©±l:7l/-A^y*Sit«tt)3'f;H2 7&^fiK 

u $e>tj£jitfB3 i *rai;< ^•y+tctojgfiR-r 

^0^3^12 714, WE*«Eli2 5<OJ(5S«J: 
30 Ofc+aiCfi^tfclllCJBjsfc-r*. -^LTBuE^-f JH2 
7 <hJ£±tf B 3 1 &^«Mi^O*fei^B 3 2 T'fflVV $ 5 

S3 3SrJ^fi)tT^. 
[0 12 5] ^tC. 0 2 0O«|gt:j«itSftfc#)iK:» 
IT. 0*±7j^ 5> C M P gffift t'4ffl ^TBf^JDI * 
ffft5. ^©w«i)DllS. «(rE*6^B3 3, M12 5 
*5j:y;'jK±tf b 3 \<D±x^mmt^w-m (l-l 

[0126] KfEW*J*IOtt*. 0 2 1 (C^-T J: 5 
40 fgi^B 2 5 ©gffi 25a, *6i^B 3 3 CDS® 3 3a 
*5«fctffi£-htf B 3 1 COfg® 3 1 a#£TPI— ®ift*«t 
Ol'J!)DX^ft-&c 

[0127] cci^T^ji^ffitc*uTrtji-r^ia 

[0 12 8] 0 2 2 i;StlgT«. STttlE^B 3 

3 CD±® 3 3a, ^B 2 5 ©Ji® 25a, t5«tytJS± 
tfB3 1 CD_k®3 1 a<D-£mzUi/Z. hB6 0 SrffM 
U mftMmz&<0^ 3Ea®B2 4V>&L&rtjr—>6 0 

50 a«r»BR-T*. UtrESE*^^ — >6 0 a*, E»«SE#:i: 



(12) 

21 

CO*f ft® H 1 a £ , flrE&^Jf 2 5 C0±® 2 5 a d £ 
TJBJST*. *fc«IEJBE±tf H 3 1C0XS3 l a#S^ 

^fiTTS. *LTttEft*rt*->6 0 aPifc. XfiMS 
|2 46^7*MI/. ^(D'&mZU-JZ. h»6 0 
ST*. ^nJcJ:0iHB*ri6JBHl a^&ttttJ|2 5J 
Ti£l>'-5±IK11H 2 4«3ti5. te^SKEiffiSffilf 

<D±miz%ifrnT\<*z>z>T\ win£.mmm 2 4 <dt\zm 
xyf :©tt. KiE±aii 2 4 

— &>m*>tl&W. CtT.lcJ:<9mfE3E&1SJf 2 4C0±® 
(M/- U >yffl!lcDS8B) CO h77 47<fTwW3fc<& 
0 . * h 7 y *{tK;ttJ£i>r<le&Si6aE«E»^ y H £8 

[0 12 9] ^tC. g|2 3 CStllTIJ. iftE^GBIS 

m 2 4 ±.%.ztmmm 3 3±co^®tcuvx he 6 1 &m 

5cotfe^/1^ — >6 1 a SrfBJ&T^o buSS^ 20 

^/t^ — >6 1 a©fj5gffi6 1 btt. ES&# ft 
IH1 a<fc9fc/W h*ft**ICtt«-r*«t'5K:-r*. 
■€-LT^IE&^^^->6 1 aftlC3-;7lf 3 5£*y 

5 #mfE3E88ffill 2 4co±(cS*ae.ns„ 
[0 13 0] &*30 1 0CO<t^(C. Sl(E3-:7J13 5$: 

11 te!&gfc^cDT\ WE* y *T*feli©l**xera&« 
[0 13 1] £fc0 1 l43d:Z>*01 2©*^«. itfffii 

mmm 2 4 ©jaffl£fctMfe»*m©# 2 <Dt&mm 56t 

CMP&ffi£ffl^TffFE£«B1iJf 2 4CO_h® 
StCWEft 2 co*fe«i)I 5 6CO±BSr|^— ^SYtffltCjPX 

f^. 0 2 3coxgt;:^-f cfc-51;:, ffiE^ffiS® 

12 4±lC3-i7J13 5 5rlfeT/y*MT4. £© 
<h#flflE3-^B3 5 CO h7 v*«#ftC*JW-*tiTj-tt 
^|tlE3EJK@S 2 4 t»fc£nfc&STCOlWE3£ffi8&Jf 

2 2i^B#ic^r<t^ic. tireless 2 4&mmm2 40 

11)12 4*i^I^i-ftTMTf5.. £fcCCO»-&. 
MK3 — £J13 5coSJS3gR3 5 b&lftEJ£MJI2 5co± 
|2 5al:Ml. HtrE3-^B3 5©«iSg&3 5 b<h 

j&ttja 2 5 i&a»wt;:j*«fesit*. 

[0 13 2] &:fc0 2 3tC^T<fc?l::, idEftt/^- 
>6 1 aCOml3ffi®6 1 b«t 0 fcttftBSH 1 a#JlcS$n 
fcl/^H6 1 14. -t-©&Sflffi6 l c**, T®^6± 

li^ffiBTffSStm^^, Ctlli. l/y7M6 1 50 



#12002-197615 
22 

<t!'<t^.Tjl^-r# ; &. SfcntUCct«3t9E3— ?I3 
5COiflS®3 5 a£Tffia>e>±ffitC7Wj-TA-f h^ft 
(0*Y#ft) lC«<«»ffi**^tt»flffi^»J«T* 

•So 

[0 13 3] ±EXglcJ:0E 1 tC^'TSitSS^ES'N 
y F 0 2 4 Rtf H 2 5 ttSI 2 iC^-T^itfiS 

[0134] ei 2 4 ic^-txfg-m. mm&®.m 33© 
±i3 3a, mm.m 2 5 ©±i 25a, * &zf&±.ifm 

3 1 C0XS3 1 a<D±mzUitX h)l 6 2 £ffi*J&U ^ 
^Si&tCcfcO. £8«li2 4©iftS/t*->6 2 a«r® 
fiRT*. i!Ejftt/^->6 2 aSrltrEMftMHl art^ 

h^ft (la^Y^ft) (**jcsvi*$T»flt-r 

3„ -tUTWEtfe*/^ — >6 2 afttC£ffi£®lf 2 4 £ 

[0 13 5] *Ci2 5tC*-TXeT-tt, 8ftE3£l8ffiJl 

2 4L MtfMftl3 3±CD^SatCl/^X Ml 6 3 5 
Ml$.Vtz&. WHI/yX FB6 3K3-*Ji3 5 
/^->6 3a$Mt*. ^*3B>rEl'> ; X hffl6 3CO 

fcltfEUv 5 ^ M6 3C0tfe^/1^ — >6 3 a WfflSjjsffi 6 

3 b#, ifflE£fiB&fli 2 4 cDftttffi 2 4 f icttB-r* «k 
5i:t4. * 6KWeftS/^-> 6 3 a 2 5 
ilCiT»5. ■ ; eLTStrEtfea-/^->6 3 aftlC 

6 3 5iST5. 

[0 13 6] cftjcto, ItrE^BBM 2 4 ©«ifl® 2 

4 f *>&lJfrE£fiBffiJI2 4 <fc0 *bmm<D*.%^3 — 

3 5S»BR-T*^i:3&«T**. SfcmTE3-^)l 3 5 « 

*rtm m^vu^) tftkms 3 3 co^Btcst^nx 

l^coT\ fitrEifiSSS2 4coTtc®^$nfcOTE^-y 

dtlt«t0t&E3^JKS12 4®h77i'*§Twia<f < t 

[0 13 7] *fc^co8Sit*ffiT«, f&B&tv^Ti&m 
co|^SXg«. 3— 5^fiX^C0— IhIT?^*-, Slit 
igSWftTt^tfti:- i««»2 4«idlcox-y 
^>yxgtCBl£n-5/ t ctt&<Z>-r% mfEiESHIl 2 4 co 

[0 13 8] ±EXSKJ:0BI2lc*-rSiS«»E»^ 
•7 F#7Efi)rr-5. 02 6&^l@2 8(C^TXgtt0 
3. 4 1:^111^^7 H©«aigS:St-I 

[0139] 026 iC^TXSTte, WE*felS:H 3 3 CO 
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±m 33a, mmm 2 5 o±.m 25a, & £ztm±.tfm 

3 1<£>±B3 1 a©t#l:l/y*X Ml 6 4£®J&L. H 
TfMlCfcO, 3-i?I3 5 0ftt/^->6 4a*» 

[0 14 0] 12 6tC^-r<t3flBtlEfe^/1^->6 4 
a romlffl® 6 4b SStlEttftBH la±D fcA-f h^fa 
*«K»riET4. SfclWEKriB® 6 4 b £«rE*tfilBH 

1 alH«::»3ft;fcl<'5>;* hB6 4<D&8BB6 4 c tt, T 
B^5.±HI'*HtTtfrSE^[6]ffiH 1 a«lCffi<«W5|-B4: 

pItgT-*-5 0 *fcWEtfe€r/^^->6 4 a StftEftttR 

2 5±{C*T^-T^) = 

[0 14 1] -?-LTtfrEft£/^->6 4 afttca-i? 
I3 5^^7*ML. •e-OfgJi&fSU-v'T. hB6 4 £|5& 
5&-f 3. ^in(CctoT9fl«ffl3 5 a /WKrEfcflSlBH 1 a 

HT'^Ct*W*tK £fci3E«l&B3 5 a <h-LB 20 
iaa-^S3 5ttttEJ£flMI2 5JhlC«»B«Hcas«t*tl 
[0 14 2] £*sffrEl'>>:*hB6 3SUft*Lfc*. ffl 

[0 14 3] *i:0 2 7C*TigT«, fitiEa-^B 

3 5±XCX|ft»)B3 3±!C, fttttt*&ft£J:«ftS4® 
iffejiUf 5 7 ^fl^T^o $ 6 iCH 2 7 CSfM - M*SiJ&> 
StirE£M©if&i»B5 7 £CMPftflSiC«fcDW£:&DI 30 
U ^tllCJ;0mIie^4<D*eaJi5 7 0±®<t3-i7)l 

3 5 W±B<h£|B] — ¥fi*tBtCT#-5. 

[0 14 4] ^:ICE|2 8 (C^-TXgT«. liuElfS 4 <£>*6 
i*B5 7tf>±, i3«fctfl?3E3-£B3 5<D±iZUi/7> h 
165 £®j£U StfiEWxT. M6 5 tC±ffi£ffi@ 24© 
Jfe#/^^->6 5 aSr^fiTT*. 

[0 14 5] 0 2 8CSt<t5l:. tfimUVX hB6 5 

^fcltrffil^v'T. h)l 6 5cDj£t*/t^->6 5 a COttriSffi 
6 5 b£, *f|p]BH 1 a tffl— ® <h&-5 <fc 5 KJE^T 40 
a. HrEife*/^^->6 5 atf)f£$SB6 5 c l:WLT 
@2 8©i^i;, 3-?I3 5 ©&$8B£I3— B± 

CSTMtntf. 2 4 ©JEMfcfcH 3 CO J: o iZ 

®fi£T#, *fc«rEfl£fr^^->6 5©«SS®6 5 c* 

*tifi]SH i aii:s<fSTnn ME^ssan 24© 

[0 14 6] fLTg«Sftf>'^->2 6rt(C^«)I 
2 4£*-.y*®J5KU f©WIBl/yX hi 6 5 ^ 
T&o cni:<tO, WSgB 2 4 a frOBH 1 a ICS! 
tl. — £B3 5«kO*>itU3EH£aB2 4$iK 50 
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[0147] &&fi((E£IB&Ji 24®/-y +TtfeB (B 
jKU&<^) 4 CDifeiltJB 5 7*5«ktf3-:5'B3 5©± 
BKURj^tlTHSOT, mlE3={3S@e 2 4 0DTlC^fi£$ 

^>y-ri»*-r*. wia±«ii2 4t)-» 

[0 14 8] ±EOI®{C«fcO0 3$ > -S^«04tC^f 

H©Sjfi^tc:oViT0 2 9 7S^UH3 2© 

[0149] IH 2 9 CSfliflj;, ffiEt&MM 33© 
±B 3 3a, 2 5 09_kB 25a, *3 <tZ>*JS±tfg 

3 1©±ffi3 1a©^ftlcUyXM6 6*Mt, 8 
3ttiS«!lC«t»3, 2E««JB2 4©j*£/^->6 6 a&JB 
fiTTS. |ffEfe#/1^— >6 6 a€rtl}E*HSlBH 1 

e./w h^f«j (hsy^iri) »*tc«u»ftaT®sKr 

*. ^LTSfrE&€/1^->6 6 aft\Zi£m.mm2 4* 

ifBUyxnee^n. tt 

&*y*Ti&m m^LU^) *mi3 3^ffilCft 
*nTV»6©T. lfrE3c««B2 4©TK®fiR3ftfcttr 
E * y *TtfilB £ 2 L Tffi© * v * TtfeS * x v > ^ 
Tl»*-r*. d<75<h#. S!lE±iiI2 4fe-»ietl 
HtlJC«t0tilE33mffiB2 4©h77?tiTw« 

[0150] -Aizm3 oi:s-riiT«, BfrE^maii 

2 4±, 43«tt>*$fei^B3 3±<D±WlZA 1 2 0 3 "^S i O 

t&£<Dmmm&ttmz£z>m*mm<Dm3<Di&mm 5 
[oi5i] ^tcia3 1 tc^-rigT-tt. u-^t; hB 

(H*L&^») ^fflV^T, WE^ 3 ©iiifei^B 5 8 <D— m 
*|^*bTA^5 8 a, 5 8 b&MfcT&o 
TtgP 5 8 a <£iE£ISl 2 4 CD»Sgg|5 2 4 b ±.\ZWfS. 
-T-So Sfcffi^©^g|5 5 8b^ SSSEB2 5±(C^f 
a. 

[0 15 2] Mzmz, 2t:51-liTli, BtE3Em®B 
2 4i0t)J?^JU*©^ hB6 7 £fttlESIS3©>*&iiii 
B5 8±iCfg^L, ttFEUi^X hB6 7 tC3 — i7B3 5 
CDtfcf?/^^ — >6 7 aSr«3tS««C<fcO»J«r*. 

[0 15 3] 0 3 2tc^T=fc-5lc:, ISEtfe^/^^— >6 
7 a ©SfliffiB 6 7b*. *t[p]®H 1 a <t 0 fc/W h73(p] 
MJCMt, SfcitEife€/1^->6 7 a&tflE&tt 
B2 5±l:JT'}ttaLTMt*. 

[0 15 4] ?i*30 3 2 (c^TJ;e>«c, itiattt/^- 

> 6 7 a ©HtfJSB 6 7 b «t 0 fcttfaBH 1 a $n 
tl/yXH6 7(t -f»«I6 7c*5, TI^6± 
BtC*HtT/\-f h^|S]lC^-*r(cgil<f«t-&^B, fc^i^ 
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[0 15 5] •ebTKrfE&#/^^->6 7 al*3lC3-^ 
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(54) PERPENDICULAR MAGNETIC RECORDING HEAD. AND ITS 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a perpendicular g 
magnetic recording head capable of suppressing the occurrence 
of side fringing on a recording pattern, forming a main magnetic 
pole layer with high pattern accuracy, forming the film of a yoke 
layer to be thick, and increasing passing efficiency, and its 
manufacturing method. 

SOLUTION: A main magnetic pole layer 24 is formed on a flat 
insulated layer 33 and, separately from the main magnetic pole 
layer 24, a thick yoke layer 35 is laminated on the main magnetic 
pole layer 24. The front end surface 24a of the main magnetic 
pole layer 24 is formed in such a shape that a width dimension in 
a track width direction is increased as it is farther away from an 
auxiliary magnetic pole layer 21. Thus, a perpendicular magnetic 
r cording head is provided, which is capable of suppressing the 
occurrence of fringing on a recording pattern, forming the main 
magnetic pole layer with high pattern accuracy, and properly 
guiding a recording magnetic field to the tip of the main magnetic 
pole layer. 
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54) PERPENDICULAR MAGNETIC RECORDING HEAD, AND ITS MANUFACTURING METHOD 



57)Abstract: 

ROBLEM TO BE SOLVED: To provide a perpendicular magnetic 
^cording head capable of suppressing the occurrence of side fringing on a 
^cording pattern, forming a main magnetic pole layer with high pattern 
ccuracy, forming the film of a yoke layer to be thick, and increasing 
assing efficiency, and its manufacturing method. 

OLUTION: A main magnetic pole layer 24 is formed on a flat insulated 
ly r 33 and, separately from the main magnetic pole layer 24, a thick 
oke layer 35 is laminated on the main magnetic pole layer 24. The front 
nd surface 24a of the main magnetic pole layer 24 is formed in such a 
hape that a width dimension in a track width direction is increased as it 
; farther away from an auxiliary magnetic pole layer 21. Thus, a 
erpendicular magnetic recording head is provided, which is capable of 
uppressing the occurrence of fringing on a recording pattern, forming the 
lain magnetic pole layer with high pattern accuracy, and properly guiding 
recording magnetic field to the tip of the main magnetic pole layer. 
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images caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
In the drawings, any words are not translated. 



LAIMS 



Haim(s)] 

Haim 1] By a record magnetic field being given to the aforementioned auxiliary magnetic pole layer and the 
brementioned main pole layer from the coil layer which the auxiliary magnetic pole layer, the insulating layer formed 
l the aforementioned auxiliary magnetic pole layer, and the main pole layer formed on the aforementioned insulating 
yer were prepared, and was laid underground in the aforementioned insulating layer In the vertical-magnetic- 
cording head which records magnetic data on a record medium by the perpendicular magnetic field concentrated on 
e aforementioned main pole layer The aforementioned main pole layer is formed on a flattening side, and the front 
id side of the aforementioned main pole layer is located in an opposed face with a record medium. It is formed in the 
^figuration in which the width-of-face size to the direction of the width of recording track spreads as the 
brementioned front end side separates from the aforementioned auxiliary magnetic pole layer. And the width-of-face 
ze of the direction of the width of recording track of the upper surface of the aforementioned front end side is 
gulated as the width of recording track Tw. It is formed by thickness thicker than the thickness of the aforementioned 
ain pole layer, and the cross section in a cross section parallel to the aforementioned opposed face is larger than the 
ea of the front end side of the aforementioned main pole layer. And the vertical-magnetic-recording head to which a 
ont end side is characterized by connecting magnetically with the aforementioned main pole layer the yoke layer 
cated in a back side rather than the aforementioned opposed face. 

^laim 2] It is the vertical-magnetic-recording head according to claim 1 by which the connection layer which starts 
om on the aforementioned auxiliary magnetic pole layer by the back side rather than the aforementioned opposed 
ce is formed, the aforementioned main pole layer is formed on the aforementioned insulating layer by which 
ittening was carried out, the aforementioned yoke layer is repeatedly formed on the aforementioned main pole layer, 
id the end face section of the aforementioned main pole layer or the end face section of the aforementioned yoke 
yer are magnetically connected to the aforementioned connection layer. 

:iaim 3] It is the vertical-magnetic-recording head according to claim 2 by which the 2nd insulating layer is formed in 
e circumference of the aforementioned main pole layer, the upper surface of this 2nd insulating layer and the upper 
irface of a main pole layer are formed by the coplanar, and a yoke layer is formed on the aforementioned flat surface. 
:iaim 4] The aforementioned main pole layer top is a vertical-magnetic-recording head according to claim 2 by which 
is covered by the 3rd insulating layer except for the end face section top of the aforementioned main pole layer, and 
e aforementioned yoke layer is magnetically connected on the aforementioned end face section. 
Haim 5] The connection layer which starts from on the aforementioned auxiliary magnetic pole layer by the back side 
ther than the aforementioned opposed face is formed, the aforementioned main pole layer It is formed on the 
brementioned insulating layer by which flattening was carried out, and the end face section is located in the 
brementioned opposed face side rather than the aforementioned connection layer. The vertical-magnetic-recording 
sad according to claim 1 with which it was formed on the aforementioned insulating layer, the front end side 
>nnected with the back end side of the aforementioned main pole layer magnetically, and the end face section of the 
brementioned yoke layer has also connected the aforementioned yoke layer magnetically on the aforementioned 
>nnection layer. 

^laim 6] The connection layer which starts from on the aforementioned auxiliary magnetic pole layer by the back side 
ther than the aforementioned opposed face is formed. The aforementioned yoke layer is formed on the 
brementioned insulating layer by which flattening was carried out, and the end face section connects it magnetically 
l the aforementioned connection layer. Moreover, it is the vertical-magnetic-recording head according to claim 1 
hich the 4th insulating layer is formed between the front end side of the aforementioned yoke layer, and the 
brementioned opposed face, and flattening of the upper surface of this 4th insulating layer and the aforementioned 
>ke layer upper surface is carried out, and piles up a main pole layer with the aforementioned yoke layer on the 
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brementioned flattening side, and is formed. 

:iaim 7] The connection layer which starts from on the aforementioned auxiliary magnetic pole layer by the back side 
ither than the aforementioned opposed face is formed. A magnetic material layer is formed on the aforementioned 
isulating layer by which flattening was carried out, and the aforementioned magnetic material layer consists of a front 
eld formed by predetermined length towards the height direction from the aforementioned opposed face, and a back 
eld formed towards the height direction back from the end face of the aforementioned front field. It is the vertical- 
lagnetic-recording head according to claim 1 from which the end face section of the aforementioned back field is 
lagnetically connected to the aforementioned connection layer, the thickness of the aforementioned front field is 
dnly formed compared with the thickness of the aforementioned back field, the aforementioned front field serves as 
ie aforementioned main pole layer, and the aforementioned back field serves as the aforementioned yoke layer, 
^lairn 8] The aforementioned front end side of the aforementioned yoke layer put on the aforementioned main pole 
yer or on the bottom is a vertical-magnetic-recording head given in either of the claims 2, 3, 4, and 6 currently 
►rmed in respect of the inclined plane which inclines in the height direction therefore it separates from the 
brementioned main pole layer, or the curve. 

:iaim 9] Both the side edge side of the direction of the width of recording track of the aforementioned front end side 
f the aforementioned main pole layer is an inclined plane or a vertical-magnetic-recording head according to claim 1 
► 8 currently formed in respect of the curve. 

:iaim 10] The manufacture method of the vertical-magnetic-recording head characterized by having the following 
rocesses. 

i) It is the process which forms an auxiliary magnetic pole layer by the magnetic material, and on the (b) 
brementioned auxiliary magnetic pole layer. The process which fills the aforementioned coil layer top by the 
isulating layer after forming a connection layer in a back side and forming [ rather than an opposed face with a record 
tedium ] a coil layer through an insulating ground layer between the aforementioned opposed face and a connection 
yer on the aforementioned auxiliary magnetic pole layer next, (c) The process which deletes the front face of the 
brementioned insulating layer and makes the same field the aforementioned insulating-layer upper surface and the 
brementioned connection layer upper surface, (d) The process which forms a resist layer on the aforementioned 
isulating layer and a connection layer, next keeps spreading at least as the inside width method of the direction of the 
idth of recording track in the aforementioned opposed face separates from the aforementioned auxiliary magnetic 
3le layer, and forms a pattern in the aforementioned resist layer, (e) The process which removes the aforementioned 
jsist layer after carrying out plating formation of the main pole layer into the aforementioned omission pattern, (f) It 
irms on the aforementioned insulating layer from on the aforementioned main pole layer, applying the resist layer of 
rickness thicker than the aforementioned main pole layer. Rather than the aforementioned opposed face, the yoke 
yer located in a back side extracts in the aforementioned resist layer, and a front end side forms a pattern on the 
brementioned main pole layer at it. Or the process which removes the aforementioned resist layer after being on the 
brementioned insulating layer, forming towards the height direction from the back end side of the aforementioned 
lain pole layer and carrying out plating formation of the yoke layer into the aforementioned omission pattern. 
:iaim 11] The manufacture method of a vertical-magnetic-recording head according to claim 10 of replacing with the 
brementioned (f) process and having the following processes. 

;) The process which forms the 2nd insulating layer in the circumference of the aforementioned main pole layer, and 
>rms the upper surface of the 2nd insulating layer of the above, and the upper surface of the aforementioned main pole 
yer on the same field, (h) It forms on the insulating layer of the above 2nd from on the aforementioned main pole 
.yer, applying the resist layer of thickness thicker than the aforementioned main pole layer. The process which 
moves the aforementioned resist layer after the yoke layer to which a front end side is located in a back side rather 
lan the aforementioned opposed face extracting in the aforementioned resist layer, forming a pattern on the 
forementioned main pole layer and the 2nd insulating layer and carrying out plating formation of the yoke layer into 
ie aforementioned omission pattern. 

:iaim 12] The manufacture method of a vertical-magnetic-recording head according to claim 10 of replacing with the 
forementioned (f) process and having the following processes. 

) The process which applies on the aforementioned insulating layer from on the aforementioned main pole layer, and 
>rms the 3rd insulating layer, (j) The process which forms a hole in the 3rd insulating layer of the above formed on the 
id face section of the aforementioned main pole layer at least, (k) Process which removes the aforementioned resist 
lyer after the yoke layer located in a back side rather than the aforementioned opposed face extracting, and a front end 
de f s forming a pattern after forming the resist layer of thickness thicker than the aforementioned main pole layer on 
ie insulating layer of the above 3rd, and carrying out plating formation of the yoke layer into the aforementioned 
mission pattern. 
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^laim 13] The manufacture method of a vertical-magnetic-recording head according to claim 10 of replacing with the 
brementioned (d) process or the (f) process, and having the following processes. 

) The process which removes the aforementioned resist layer after forming a resist layer on the aforementioned 
sulating layer, and the yoke layer to which a front end side is located in a back side rather than the aforementioned 
jposed face extracting, forming a pattern and carrying out plating formation of the yoke layer into the aforementioned 
nission pattern, (m) The process which newly forms the 4th insulating layer on the aforementioned yoke layer and 
e aforementioned insulating layer, deletes the 4th insulating layer of the above, and makes the same field the upper 
irface of the 4th insulating layer of the above, and the upper surface of the aforementioned yoke layer, (n) The resist 
yer of thickness thinner than the aforementioned yoke layer is formed on the aforementioned yoke layer and the 4th 
sulating layer. The process which it applies to the resist layer on the aforementioned yoke layer from the resist layer 
i the insulating layer of the above 4th located in an opposed face side, and a main pole layer extracts, and forms a 
ittern rather than the front end side of the aforementioned yoke layer, and the process which removes the 
brementioned resist layer after carrying out plating formation of the main pole layer into the (o) aforementioned 
nission pattern. 

riaim 14] The manufacture method of a vertical-magnetic-recording head according to claim 10 of replacing with the 
brementioned (d) process or the (f) process, and having the following processes. 

resist layer is formed [ next ] on the aforementioned insulating layer and a connection layer, at least (p) The inside 
idth method of the direction of the width of recording track in the aforementioned opposed face The process which 
seps spreading as it separates from the aforementioned auxiliary magnetic pole layer, forms a pattern in the 
brementioned resist layer, and forms the end face section of the aforementioned omission pattern even on the 
brementioned connection layer further, (q) The process which removes the aforementioned resist layer after carrying 
it plating formation of the magnetic material layer into the aforementioned omission pattern, (r) Form a resist layer 
l the aforementioned magnetic material layer, and extract only predetermined distance in the height direction from 
ie opposed face side on the aforementioned magnetic material layer by exposure development, and a pattern is 
>rmed. The process which removes a part of aforementioned magnetic material layer exposed out of the 
brementioned omission pattern, makes thickness thin, uses this portion as a main pole layer, and uses as a yoke layer 
ie magnetic material layer formed in the bottom of the aforementioned resist layer. 
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NOTICES * 

ipan Patent Offic is not responsible for any 
images caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** s h ows the word which can not be translated. 
In the drawings, any words are not translated. 



ET AILED DESCRIPTION 



)etailed Description of the Invention] 
001] 

Tie technical field to which invention belongs] this invention can form a main pole layer with a sufficient pattern 
ecision while suppressing that start the vertical-magnetic-recording head which records by giving a perpendicular 
agnetic field to record media, such as a disk which has a hard side, especially fringing occurs to a record pattern, and 
can form the thickness of a yoke layer thickly, and aims at offering the vertical-magnetic-recording head which can 
ise passage efficiency, and its manufacture method. 
002] 

)escription of the Prior Art] There is vertical magnetic recording as equipment which records magnetic data on record 
edia, such as a disk, by high density. Drawing 38 is the cross section showing the general structure of the vertical- 
agnetic-recording head used for the equipment of the aforementioned vertical magnetic recording. 
003] As shown in drawing 38 , the vertical-magnetic-recording head H of vertical magnetic recording is formed in 
e side edge side of the slider 1 which moves [ surfaces it and ] or slides on a record-medium top, and the 
brementioned vertical-magnetic-recording head H is arranged between a nonmagnetic membrane 2 and the 
mmagnetic covering film 3 in side edge side la of a slider 1. 

004] The aforementioned vertical-magnetic-recording head H has the auxiliary magnetic pole layer 4 formed with a 
rromagnetic material, and the main pole layer 5 which opened the interval and was formed on the aforementioned 
ixiliary magnetic pole layer 4 and which was similarly formed with a ferromagnetic material, and end-face 4a of the 
brementioned auxiliary magnetic pole layer 4 and end-face 5a of the aforementioned main pole layer 5 have appeared 
the opposed face Ha with a record medium M. In the back side, the aforementioned auxiliary magnetic pole layer 4 
id the aforementioned main pole layer 5 are magnetically connected in the magnetic connection 6 rather than the 
brementioned opposed face Ha. 

005] Between the aforementioned auxiliary magnetic pole layer 4 and the aforementioned main pole layer 5, the 
mmagnetic insulating layer 7 by inorganic material, such as aluminum203 and Si02, is located, and end-face 7a of 
is nonmagnetic insulating layer 7 has appeared in the aforementioned opposed face Ha between end-face 4a of the 
brementioned auxiliary magnetic pole layer 4, and end-face 5a of the aforementioned main pole layer 5. 
006] And in the aforementioned nonmagnetic insulating layer 7, the coil layer 8 formed with conductive material, 
ich as Cu, is laid underground. 

007] As shown in drawin g 38 , the thickness hw of end-face 5a of the main pole layer 5 is smaller than the thickness 
of end-face 4a of the auxiliary magnetic pole layer 4. Moreover, the width-of-face size of end-face 5a of the 
rection of the width of recording track of the aforementioned main pole layer 5 (the direction of illustration X) is the 
idth of recording track Tw, and this width-of-face size is smaller enough than the width-of-face size of end-face 4a of 
e direction of the width of recording track of the aforementioned auxiliary magnetic pole layer 4. 
008] The record medium M to which magnetic recording is performed by the aforementioned vertical-magnetic- 
cording head H moves to a Z direction to the vertical-magnetic-recording head H, and the soft side Mb is established 
r the hard side Ma in the front face in the inner direction. 

•009] When are energized by the aforementioned coil layer 8 and a record magnetic field is guided to the auxiliary 
agnetic pole layer 4 and the main pole layer 5, the leakage record magnetic field between end- face 4a of the auxiliary 
agnetic pole layer 4 and end-face 5a of the main pole layer 5 passes through the hard side Ma of a record medium M 
srpendicularly, and passes along the soft side Mb. Here, since the area of end-face 5a of the main pole layer 5 is 
aaller enough than the area in end-face 4a of the auxiliary magnetic pole layer 4 as mentioned above, magnetic flux 
li concentrates in the opposite portion of end-face 5a of the main pole layer 5, and magnetic data are recorded by the 
brementioned magnetic flux phi to the aforementioned hard side Ma in the portion which end-face 5a counters. 
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>010] 

'roblem(s) to be Solved by the Invention] However, the following troubles occurred with the conventional vertical- 
agnetic-recording head H shown in drawing 38 . 

K)l 1] (1) With the structure shown in drawing 38 , ****** has occurred on the upper surface of the aforementioned 
)nmagnetic insulating layer 7, and the pattern precision of the main pole layer 5 formed on this falls. It is required to 
ake small area of end-face 5a of the aforementioned main pole layer 5 which has appeared in the aforementioned 
jposed face Ha especially, to leak, and to centralize a record magnetic field, and in order to attain the high recording 
snsity to a record medium M, it is necessary to narrow the width of recording track Tw of the aforementioned end- 
.ce 5 a. 

>012] Therefore, in drawing 38 , it cannot become difficult to **-truck-ize the width of recording track Tw of end- 
.ce 5a of the aforementioned main pole layer 5 with a sufficient pattern precision, and to form it, and it cannot 
:spond to high recording density-ization appropriately. 

1013] (2) In order to lead the magnetic field guided from the aforementioned coil layer 8 to an opposed face Ha, in the 
eld by the side of the back of the aforementioned main pole layer 5, it is required to make large the cross section 
hich passes magnetic flux. However, with the structure shown in drawing 38 , the thickness of the aforementioned 
ain pole layer 5 cannot be formed by the thickness which was missing from the height direction (direction of 
lustration Y) back, and was mostly fixed, therefore cannot enlarge thickness of the aforementioned main pole layer 5 
. a back side field, and cannot draw the induction field from the aforementioned coil layer 8 at the nose of cam of the 
brementioned main pole layer 5 effectively. 

1014] (3) Like drawing 38 , when formed by the film with the aforementioned single main pole layer 5, it is difficult 
• make extremely small only the width of recording track Tw of the aforementioned end-face 5 a of the 
brementioned main pole layer 5. That is, it is difficult to make extremely small the width-of-face size of the 
brementioned omission pattern only in the portion which extracts in a resist layer, forms a pattern, and forms end- 
ce 5a when [ that ] extracting, forming a magnetic material by plating etc. in a pattern and forming the 
brementioned main pole layer 5. 

1015] (4) In case a slider 1 moves between the periphery of the disk-like record medium M, and inner circumference, 
ie angle of skew to which end-face 5a of the aforementioned main pole layer 5 inclines to the rotation tangential 
rection (illustration Z direction) of a record medium M may occur. If end-face 5a of the main pole layer 5 has an 
lgle of skew to the rotation tangential direction (illustration Z direction) of a record medium as end-face 5a of the 
Lain pole layer 5 is a square or a rectangle as shown in drawing 39 here, as a dashed line shows, side side 5b of a main 
3le layer will give a slanting leakage magnetic field into the width of recording track Twl, Fringing F will occur, and 
ff-track performance degradation will be caused. 

)016] Then, this invention solves the above-mentioned conventional technical problem, and it aims at offering the 
srtical-magnetic-recording head which can respond the end face of the aforementioned main pole layer with a 
ifficient pattern precision to ** truck-ization, and its manufacture method. 

>017] Moreover, this invention can enlarge effectively thickness in the back side field of the aforementioned main 

Me layer, and aims at offering the vertical-magnetic-recording head which can draw the magnetic flux guided from 

te coil layer suitable for the end face of the aforementioned main pole layer, and its manufacture method. 

>018] Moreover, this invention can suppress that fringing occurs to a record pattern, and aims at offering the vertical - 

tagnetic-recording head which can aim at improvement in an off-track performance, and its manufacture method. 

>019] 

deans for Solving the Problem] The insulating layer by which this invention was formed on the auxiliary magnetic 
3le layer and the aforementioned auxiliary magnetic pole layer, By a record magnetic field being given to the 
brementioned auxiliary magnetic pole layer and the aforementioned main pole layer from the coil layer which the 
tain pole layer formed on the aforementioned insulating layer was prepared, and was laid underground in the 
brementioned insulating layer In the vertical-magnetic-recording head which records magnetic data on a record 
ledium by the perpendicular magnetic field concentrated on the aforementioned main pole layer The aforementioned 
tain pole layer is formed on a flattening side, and the front end side of the aforementioned main pole layer is located 
t an opposed face with a record medium. It is formed in the configuration in which the width-of-face size to the 
irection of the width of recording track spreads as the aforementioned front end side separates from the 
brementioned auxiliary magnetic pole layer. And the width-of-face size of the direction of the width of recording 
ack of the upper surface of the aforementioned front end side is regulated as the width of recording track Tw. It is 
>rmed by thickness thicker than the thickness of the aforementioned main pole layer, and the cross section in a cross 
jction parallel to the aforementioned opposed face is larger than the area of the front end side of the aforementioned 
iain pole layer, and it is characterized by connecting magnetically with the aforementioned main pole layer the yoke 
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yer to which a front end side is located in a back side rather than the aforementioned opposed face. 
)020] In the above-mentioned this invention, the aforementioned main pole layer is formed on the insulating layer by 
hich flattening was carried out. Therefore, the aforementioned main pole layer can be formed with a sufficient pattern 
recision, and ** truck-ization of the aforementioned end face of the aforementioned main pole layer can be attained 
specially appropriately. 

>021] Moreover, it is possible to be able to suppress appropriately that fringing occurs to a record pattern, and to aim 
: improvement in an off-track property by forming the size of the direction of the width of recording track of the front 
id side of the aforementioned main pole layer in this invention in the configuration which spreads gradually as it 
sparates from the aforementioned auxiliary magnetic pole layer. 

)022] Moreover, in this invention, by connecting the large yoke layer of thickness to the aforementioned main pole 
yer magnetically rather than the aforementioned main pole layer, magnetic flux can be effectively drawn in the 
forementioned main pole layer from the aforementioned yoke layer, and passage efficiency becomes good and can 
nprove an over- writing property. 

)023] In this invention, the vertical-magnetic-recording head of concrete structure as shown below can be offered. 
)024] The aforementioned main pole layer is formed on the aforementioned insulating layer by which flattening was 
irried out, the connection layer which starts from on the aforementioned auxiliary magnetic pole layer by the back 
de rather than the aforementioned opposed face is formed, the aforementioned yoke layer is repeatedly formed on the 
forementioned main pole layer, and the end face section of the aforementioned main pole layer or the end face section 
f the aforementioned yoke layer are first connected to the aforementioned connection layer magnetically by this 
ivention. This operation gestalt is drawingJL . 

)025] Moreover, it is desirable that the 2nd insulating layer is formed in the circumference of the aforementioned 
tain pole layer, the upper surface of this 2nd insulating layer and the upper surface of a main pole layer are formed by 
le coplanar, and a yoke layer is formed on the aforementioned flat surface in this invention. This operation gestalt is 
rawing 1 1 and drawing 12 . 

)026] Moreover, as for the aforementioned main pole layer top, in this invention, it is desirable that it is covered 
tcept for the end face section top of the aforementioned main pole layer at the 3rd insulating layer, and the 
forementioned yoke layer is magnetically connected on the aforementioned end face section. This operation gestalt is 
rawing 5 . 

)027] In this invention, the connection layer which starts from on the aforementioned auxiliary magnetic pole layer by 
le back side rather than the aforementioned opposed face is formed, or the aforementioned main pole layer It was 
>rmed on the aforementioned insulating layer by which flattening was carried out, and the end face section connected 
lagnetically [ the front end side ] to the back end side of the aforementioned main pole layer by having formed the 
forementioned yoke layer on the aforementioned insulating layer by being located in the aforementioned opposed face 
de rather than the aforementioned connection layer, and the end face section of the aforementioned yoke layer has 
Dnnected magnetically on the aforementioned connection layer. This operation gestalt is drawing 2 . 
)028] Or in this invention, the connection layer which starts from on the aforementioned auxiliary magnetic pole layer 
y the back side rather than the aforementioned opposed face is formed. The aforementioned yoke layer is formed on 
le aforementioned insulating layer by which flattening was carried out, and the end face section connects it 
lagnetically on the aforementioned connection layer. Moreover, the 4th insulating layer is formed between the front 
nd side of the aforementioned yoke layer, and the aforementioned opposed face, and flattening of the upper surface of 
lis 4th insulating layer and the aforementioned yoke layer upper surface is carried out, and on the aforementioned 
attening side, a main pole layer is piled up with the aforementioned yoke layer, and is formed. This operation gestalt 
i drawing ! and drawing 4 . 

)029] Or in this invention, the connection layer which starts from on the aforementioned auxiliary magnetic pole layer 
y the back side rather than the aforementioned opposed face is formed. A magnetic material layer is formed on the 
forementioned insulating layer by which flattening was carried out, and the aforementioned magnetic material layer 
insists of a front field formed by predetermined length towards the height direction from the aforementioned opposed 
ice, and a back field formed towards the height direction back from the end face of the aforementioned front field, 
he end face section of the aforementioned back field is magnetically connected to the aforementioned connection 
lyer, the thickness of the aforementioned front field is thinly formed compared with the thickness of the 
forementioned back field, the aforementioned front field serves as the aforementioned main pole layer, and the 
forementioned back field serves as the aforementioned yoke layer. This operation gestalt is drawing^ . 
)030] Moreover, therefore the aforementioned front end side of the aforementioned yoke layer put on the 
forementioned main pole layer or on the bottom in this invention separates from the aforementioned main pole layer, 
is desirable to be formed in respect of the inclined plane which inclines in the height direction, or a curve. 
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>031] As for the both-sides edge of the direction of the width of recording track of the aforementioned front end side 
Tthe aforementioned main pole layer, in this invention, it is still more desirable to be formed in respect of an inclined 
ane or a curve. 

1032] Next, the manufacture method of the vertical-magnetic-recording head in this invention is characterized by 
iving the following processes. 

.) It is the process which forms an auxiliary magnetic pole layer by the magnetic material, and on the (b) 
brementioned auxiliary magnetic pole layer. The process which fills the aforementioned coil layer top by the 
isulating layer after forming a connection layer in a back side and forming [ rather than an opposed face with a record 
tedium ] a coil layer through an insulating ground layer between the aforementioned opposed face and a connection 
yer on the aforementioned auxiliary magnetic pole layer next, (c) The process which deletes the front face of the 
brementioned insulating layer and makes the same field the aforementioned insulating-layer upper surface and the 
brementioned connection layer upper surface, (d) The process which forms a resist layer on the aforementioned 
sulating layer and a connection layer, next keeps spreading at least as the inside width method of the direction of the 
idth of recording track in the aforementioned opposed face separates from the aforementioned auxiliary magnetic 
Die layer, and forms a pattern in the aforementioned resist layer, (e) The process which removes the aforementioned 
isist layer after carrying out plating formation of the main pole layer into the aforementioned omission pattern, (f) It 
>rms on the aforementioned insulating layer from on the aforementioned main pole layer, applying the resist layer of 
ickness thicker than the aforementioned main pole layer. Rather than the aforementioned opposed face, the yoke 
yer located in a back side extracts in the aforementioned resist layer, and a front end side forms a pattern on the 
brementioned main pole layer at it. Or the process which removes the aforementioned resist layer after being on the 
brementioned insulating layer, forming towards the height direction from the back end side of the aforementioned 
tain pole layer and carrying out plating formation of the yoke layer into the aforementioned omission pattern. 
1033] By the above-mentioned manufacture method, the vertical-magnetic-recording head shown in drawingl or 
rawing 2 can be manufactured. 

>034] Or in this invention, it may replace with the aforementioned (f) process and you may have the following 
rocesses. 

5) The process which forms the 2nd insulating layer in the circumference of the aforementioned main pole layer, and 
>rms the upper surface of the 2nd insulating layer of the above, and the upper surface of the aforementioned main pole 
yer on the same field, (h) It forms on the insulating layer of the above 2nd from on the aforementioned main pole 
yer, applying the resist layer of thickness thicker than the aforementioned main pole layer. The process which 
moves the aforementioned resist layer after the yoke layer to which a front end side is located in a back side rather 
ian the aforementioned opposed face extracting in the aforementioned resist layer, forming a pattern on the 
brementioned main pole layer and the 2nd insulating layer and carrying out plating formation of the yoke layer into 
ie aforementioned omission pattern. 

>035] The vertical-magnetic-recording head shown in drawing 1 1 and drawing 12 by this manufacture method can be 
lanufactured. 

>036] Or in this invention, it may replace with the aforementioned (f) process and you may have the following 
rocesses. 

) The process which applies on the aforementioned insulating layer from on the aforementioned main pole layer, and 
>rms the 3rd insulating layer, (j) The process which forms a hole in the 3rd insulating layer of the above formed on the 
id face section of the aforementioned main pole layer at least, (k) Process which removes the aforementioned resist 
yer after the yoke layer located in a back side rather than the aforementioned opposed face extracting, and a front end 
de's forming a pattern after forming the resist layer of thickness thicker than the aforementioned main pole layer on 
ie insulating layer of the above 3rd, and carrying out plating formation of the yoke layer into the aforementioned 
mission pattern. 

)037] The vertical-magnetic-recording head shown in dravving_5 by this manufacture method can be manufactured, 
loreover, in this invention, it may replace with the aforementioned (d) process or the (f) process, and you may have 
ie following processes. 

) The process which removes the aforementioned resist layer after forming a resist layer on the aforementioned 
isulating layer, and the yoke layer to which a front end side is located in a back side rather than the aforementioned 
pposed face extracting, forming a pattern and carrying out plating formation of the yoke layer into the aforementioned 
mission pattern, (m) The process which newly forms the 4th insulating layer on the aforementioned yoke layer and 
ie aforementioned insulating layer, deletes the 4th insulating layer of the above, and makes the same field the upper 
arface of the 4th insulating layer of the above, and the upper surface of the aforementioned yoke layer, (n) The resist 
iyer of thickness thinner than the aforementioned yoke layer is formed on the aforementioned yoke layer and the 4th 
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sulating layer. The process which it applies to the resist layer on the aforementioned yoke layer from the resist layer 
1 the insulating layer of the above 4th located in an opposed face side, and a main pole layer extracts, and forms a 
ittern rather than the front end side of the aforementioned yoke layer, and the process which removes the 
brementioned resist layer after carrying out plating formation of the main pole layer into the (o) aforementioned 
nission pattern. 

•03 8] The vertical-magnetic-recording head shown in drawin g 3 or drawing_4 by this manufacture method can be 
anufactured. 

•039] Or in this invention, it may replace with the aforementioned (d) process or the (f) process, and you may have 
e following processes. 

resist layer is formed [ next ] on the aforementioned insulating layer and a connection layer, at least (p) The inside 
idth method of the direction of the width of recording track in the aforementioned opposed face The process which 
seps spreading as it separates from the aforementioned auxiliary magnetic pole layer, forms a pattern in the 
brementioned resist layer, and forms the end face section of the aforementioned omission pattern even on the 
brementioned connection layer further, (q) The process which removes the aforementioned resist layer after carrying 
it plating formation of the magnetic material layer into the aforementioned omission pattern, (r) Form a resist layer 
i the aforementioned magnetic material layer, and extract only predetermined distance in the height direction from 
e opposed face side on the aforementioned magnetic material layer by exposure development, and a pattern is 
rmed. The process which removes a part of aforementioned magnetic material layer exposed out of the 
brementioned omission pattern, makes thickness thin, uses this portion as a main pole layer, and uses as a yoke layer 
e magnetic material layer formed in the bottom of the aforementioned resist layer. 

040] The vertical-magnetic-recording head shown in drawing 6 by this manufacture method can be manufactured. 
041] 

imbodiments of the Invention] Drawing 1 is drawing of longitudinal section showing the structure of the vertical - 
agnetic-recording head of the 1st operation gestalt of this invention. 

042] The vertical-magnetic-recording head H shown in drawing 1 gives a perpendicular magnetic field to a record 
edium M, and makes the hard side Ma of a record medium M magnetize perpendicularly. 

043] The aforementioned record medium M is a disk-like, and the high hard side Ma of residual magnetization has 
e soft side Mb where magnetic permeability is high in the inner direction, and the center of a disk takes the axis-of- 
tation lead, and it is rotated for it by the front face. 

044] If it is formed with ceramic material, such as aluminum 203 and TiC, opposed face 1 la of a slider 1 1 counters 
e aforementioned record medium M and a record medium M rotates, a slider 1 1 will surface from the front face of a 
cord medium M by the surface airstream, or a slider 1 1 will slide on the slider 1 1 of the aforementioned vertical- 
agnetic-recording head H at a record medium M. In drawing 1 , the move direction of the record medium M to a 
ider 1 1 is an illustration Z direction. The vertical-magnetic-recording head H is formed in the trailing side edge side 
•a slider 11. 

045] The nonmagnetic insulating layer 54 by inorganic material, such as aluminum 203 or Si02, is formed in side 
Ige side 1 lb of the aforementioned slider 11, and read station HR is formed on this nonmagnetic insulating layer 54. 
046] The aforementioned reading section HR consists of the lower shell lower shield layer 52, the gap layer 55, the 
agnetoresistance-effect element 53, and the up shield layer 51. The aforementioned magnetoresistance-effect 
ements 53 are an anisotropy magnetoresistance-effect (AMR) element, a huge magnetoresistance-effect (GMR) 
ement, a tunneled type magnetoresistance-effect (TMR) element, etc. 

047] On the aforementioned up shield layer 51, the nonmagnetic insulating layer 12 by inorganic material, such as 
□minum 203 or Si02, is formed, and the vertical-magnetic-recording head H for record of this invention is formed 
i the aforementioned nonmagnetic insulating layer 12. And the vertical-magnetic-recording head H is covered with 
e protective layer 13 formed by the inorganic nonmagnetic insulating material etc. And opposed face HI a with the 
cord medium of the aforementioned vertical-magnetic-recording head H is the same side mostly with opposed face 
a of the aforementioned slider 1 1 . 

048] With the aforementioned vertical-magnetic-recording head H, the aforementioned nonmagnetic insulating layer 
! in which ferromagnetic material, such as a permalloy (nickel-Fe), is plated and the auxiliary magnetic pole layer 21 
formed is formed in the bottom of the aforementioned auxiliary magnetic pole layer 21 (between the auxiliary 
agnetic pole layer 21 and side edge side 1 lb of a slider 11), and the circumference of the aforementioned auxiliary 
agnetic pole layer 21 . And as shown in drawing J , surface (upper surface) 21a of the auxiliary magnetic pole layer 
. and surface (upper surface) 12a of the aforementioned nonmagnetic insulating layer 12 are located on the same flat 
irface. 

049] As shown in drawing 1 , by the back side (the height direction, the direction of illustration Y), the connection 
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yers 25, such as nickel-Fe, are formed on surface 21a of the aforementioned auxiliary magnetic pole layer 21 rather 
ian the aforementioned opposed face HI a. 

)050] In the circumference of the aforementioned connection layer 25, the nonmagnetic insulating layers 26, such as 
uminum 203, are formed on surface 21a of the aforementioned auxiliary magnetic pole layer 21, and surface 12a of 
ie aforementioned nonmagnetic insulating layer 12, and the coil layer 27 is formed of conductive material, such as 
u, on this nonmagnetic insulating layer 26. This coil layer 27 is formed with frame plating etc., and pattern formation 
spirally carried out so that it may become a predetermined number of turns around the aforementioned connection 
yer 25. On end-connection 27a by the side of the volume center of the coil layer 27, the bottom raising layer 31 
milarly formed with conductive material, such as Cu, is formed. 

1051] The aforementioned coil layer 27 and the bottom raising layer 31 are covered with the insulating layer 32 of 
-ganic materials, such as resist material, and are further covered by the insulating layer 33. 

1052] As for the aforementioned insulating layer 33, being formed by the inorganic insulating material is desirable, 
id at least one or more sorts in AlO, aluminum 203, Si02 and Ta 205, TiO and A1N, AlSiN, TiN and SiN, Si3N4, 
iO, WO, W03, BN and CrN, and SiON can be chosen as the aforementioned inorganic insulating material. 
)053] And surface (upper surface) 25a of the aforementioned connection layer 25, surface (upper surface) 31a of the 
Dttom raising layer 31, and surface (upper surface) 33a of an insulating layer 33 are processed so that it may become 
e same side. Such flattening processing is performed using CMP (chemical mechanical polishing) technology etc. so 
at it may explain by the below-mentioned manufacture method. 

1054] With this 1st operation gestalt, the main pole layer 24 is formed on the aforementioned insulating layer 33, and 
ont end side 24a of the aforementioned main pole layer 24 is made into the same field as the aforementioned opposed 
.ce HI a. Moreover, it was formed on upper surface 25a of the aforementioned connection layer 25, and end face 
action 24b of the aforementioned main pole layer 24 has connected magnetically. 
>055] As shown in drawing ! , the yoke layers 35, such as a NiFe alloy, are piled up and formed on the 
brementioned main pole layer 24. Moreover, rather than the aforementioned opposed face Hla, front end side 35a of 
e aforementioned yoke layer 35 was located in the height direction back side, is buried in the aforementioned 
rotective layer 13, and has not appeared in opposed face Hla. 

)056] In addition, in this invention, the thickness H2 of the aforementioned yoke layer 35 is formed more thickly than 
e thickness HI of the main pole layer 24. 

i057] Moreover, front end side 35a of the aforementioned yoke layer 35 is formed in respect of the inclined plane 
hich inclines in the height direction (the direction of illustration Y) towards the upper surface from an inferior surface 
: tongue, or the curve. As for the inferior surface of tongue of the main pole layer 24 formed on the aforementioned 
>ke layer 35, and the exterior angle theta between front end side 35a of the aforementioned yoke layer 35, it is 
ssirable that it is 90 degrees or more. It is because the magnetic field which leaks from the aforementioned main pole 
yer 24 towards the aforementioned yoke layer 35 by this can be lessened and a magnetic field can be centralized by 
e aforementioned main pole layer 24. 

>058] Moreover, as shown in dra wing 1 , the lead layer 36 is formed in surface 31a of the aforementioned bottom 
ising layer 3 1 , and supply of record current is possible in the aforementioned bottom raising layer 3 1 and the coil 
yer 27 from the lead layer 36. In addition, it can form with the same material as the aforementioned main pole layer 
i and the yoke layer 35, and the aforementioned lead layer 36 can form simultaneously the main pole layer 24 and the 
>ke layer 35, and the lead layer 36 by plating. And the aforementioned yoke layer 35 and the aforementioned lead 
yer 36 are covered by the aforementioned protective layer 13. 

>059] The plan (the direction of an arrow) which looked at the vertical-magnetic-recording head shown in drawing 1 
om right above is shown like drawing 10 . As shown in the plan of drawi ng 10 , front field 24c of **** in which the 
brementioned main pole layer 24 is formed in by the width of recording track Tw with the minute upper surface 
ield by the side of trailing of the main pole layer 24) of front end side 24a, and this width-of-face size is maintained 
, or a width-of-face size spreads a little is formed. Moreover, from the end face of this front field 24c, 24d of back 
elds is formed, and the size of the direction of the width of recording track is gradually spread and formed in the 
rget at the 24d of the aforementioned back end fields. 

>060] As shown in drawing 10 , the aforementioned yoke layer 35 is piled up and formed on 24d of back end fields of 
e aforementioned main pole layer 24. The aforementioned yoke layer 35 is formed in the configuration to which the 
idth-of-face size to the direction of the width of recording track spreads on a target gradually towards the height 
rection back. 

i061] In addition, in this invention, it is required for front end side 24a of the aforementioned main pole layer 24 
cposed to the aforementioned opposed face Hla to be larger than the area of front end side 21b of the aforementioned 
lxiliary magnetic pole layer 21, for example, as shown in drawing 10 , it is desirable [ the width-of-face size Wr of 
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le direction of the width of recording track of the auxiliary magnetic pole layer 21 ] to be formed with a width-of-face 
ze larger enough than the aforementioned width of recording track Tw. 

)062] In addition, it does not pass over the configuration shown in drawin g 10 to an example, and this invention is not 
mited to this configuration. Namely, in this invention, the area of the cross section which is when cutting the 
forementioned yoke layer 35 from a direction parallel to the aforementioned opposed face HI a should just become 
irger than the area of front end side 24a of the aforementioned main pole layer 24. 

)063] However, it is desirable of the same grade [ as the size of the 24d / of back end fields of the aforementioned 
lain pole layer 24 / direction of the width of recording track ] or to form the width-of-face size to the direction of the 
'idth of recording track of the aforementioned yoke layer 35 (the direction of illustration X) with a width-of-face size 
nailer than it with the structure shown in drawin g 10 . It is because pattern precision may fall and the aforementioned 
oke layer 35 may be unable to be appropriately formed with a predetermined configuration in the portion in which the 
forementioned yoke layer 35 is formed in the direction of the width of recording track by overflowing rather than the 
tain pole layer 24 of the level difference between the aforementioned main pole layer 24 and an insulating layer 33. 
)064] As it corrects, for example, is shown in drawing 1 1 (front view), the 2nd insulating layer 56 and 56 is newly 
)imed in the both sides of the direction of the width of recording track of the aforementioned main pole layer 24 (the 
irection of illustration X). When processing upper surface 24e of the aforementioned main pole layer 24, and upper 
lrface 56a of the 2nd insulating layer 56 of the above into a coplanar using CMP technology etc. and forming the 
forementioned yoke layer 35 on it, as shown in drawing 12 (plan) It becomes possible to protrude and form the 
forementioned yoke layer 35 rather than the width-of-face size of the direction of the width of recording track of the 
Lain pole layer 24. In this case, the yoke layer 35 formed on it can be formed with a sufficient pattern precision by 
attening of upper surface 24e of the aforementioned main pole layer 24 and the upper surface 56a of the 2nd 
Lsulating layer 56 being carried out appropriately. 

)065] In addition, as for the 2nd insulating layer 56 of the above, being formed by the inorganic insulating material is 
esirable, and at least one or more sorts in AlO, aluminum 203, Si02 and Ta 205, TiO and A1N, AlSiN, TiN and SiN, 
i3N4, NiO, WO, W03, BN and CrN, and SiON can be chosen as the aforementioned inorganic insulating material. 
)066] Moreover, although the aforementioned main pole layer 24 is extended and formed even on the aforementioned 
Dnnection layer 25 from aforementioned opposed face HI a with the operation gestalt shown in drawing 1 , the 
forementioned main pole layer 24 is formed short, for example, and you may form so that the end face section may be 
)cated in the aforementioned opposed face HI a side rather than the aforementioned connection layer 25. 
)067] In this case, the 2nd insulating layer 56 shown in the circumference of the aforementioned main pole layer 24 at 
rawing 1 1 is formed, and the yoke layer 35 is formed on this. Moreover, a hole is formed on the aforementioned 
Dnnection layer 25, plating formation of the aforementioned yoke layer 35 is carried out also into this hole, and the 
forementioned yoke layer 35 and the connection layer 25 are magnetically connected to the 2nd insulating layer 56 of 
le above. 

)068] Drawin g 2 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
le 2nd operation gestalt in this invention. 

)069] The difference with drawing 1 is in the structure of the main pole layer 24 and the yoke layer 35. Although the 
oint currently formed more thickly than the thickness H3 of the aforementioned main pole layer 24 has the the same 
lickness H4 of the aforementioned yoke layer 35 The aforementioned main pole layer 24 is short formed in the height 
irection (the direction of illustration Y) from opposed face HI a, front end side 35a of the aforementioned yoke layer 
5 connects it magnetically from 24f of back end sides of the aforementioned main pole layer 24, and the 
forementioned yoke layer 35 is formed on the aforementioned insulating layer 33 towards the height direction back, 
jid end face section 35b of the aforementioned yoke layer 35 was formed in upper surface 25a of the aforementioned 
Dnnection layer 25, and will be connected magnetically. 

)070] Drawing 13 is the plan of the vertical-magnetic-recording head of drawing 2 . The aforementioned main pole 
tyer 24 is formed by the width of recording track Tw with the minute width-of-face size to the direction of the width 
f recording track (the direction of illustration X) of the upper surface (field by the side of trailing of the main pole 
lyer 24) of front end side 24a, and is formed by this width-of-face size or the shape of a width-of-face narrow type in 
'hich it applies to the height direction (direction of illustration Y) back from this width-of-face size, and a width-of- 
ice size spreads a little. In addition, as shown in drawing 13 , 24d of back end fields where the width-of-face size to 
le direction of the width of recording track spreads on a target gradually towards the height direction back may be 
:>rmed in the aforementioned main pole layer 24. 

)071] The aforementioned yoke layer 35 is formed from 24f of back end sides of the aforementioned main pole layer 
4, and towards the height direction back, gradually, the width-of-face size to the direction of the width of recording 
ack spreads on a target, and, as for the aforementioned yoke layer 35, is formed. 
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)072] In addition, it does not pass over the configuration shown in drawing 13 to an example, and this invention is not 
tnited to this configuration. Namely, in this invention, the area of the cross section which is when cutting the 
ibrementioned yoke layer 35 from a direction parallel to the aforementioned opposed face HI a should just become 
rger than the area of front end side 24a of the aforementioned main pole layer. 

)073] Drawing 3 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
le 3rd operation gestalt in this invention. 

)074] The difference with drawing 1 is in the structure of the main pole layer 24 and the yoke layer 35. Although the 
dckness H6 of the yoke layer 35 is large compared with the thickness H5 of the aforementioned main pole layer 24 
so with this operation gestalt, the aforementioned yoke layer 35 is formed on the aforementioned insulating layer 33, 
id end face section 35b of the aforementioned yoke layer 35 is magnetically connected to upper surface 25a of the 
forementioned connection layer 25. 

)075] Moreover, front end side 35a of the aforementioned yoke layer 35 is formed in respect of the inclined plane 
hich approaches the aforementioned opposed face Hla towards the upper surface from an inferior surface of tongue, 
r the curve. As for the inferior surface of tongue of the main pole layer 24 formed on the aforementioned yoke layer 
5, and the exterior angle theta between front end side 35a of the aforementioned yoke layer 35, it is desirable that it is 
0 degrees or more. It is because the magnetic field which leaks from the aforementioned main pole layer 24 towards 
le aforementioned yoke layer 35 by this can be lessened and a magnetic field can be centralized by the 
forementioned main pole layer 24. 

)076] As shown in drawing_3 , the circumference of the aforementioned yoke layer 35 is buried by the 4th new 
tsulating layer 57. In addition, as shown in drawing 3 , from front end side 35a of the yoke layer 35, in the opposed 
ice Hla side, it is buried by the 4th insulating layer 57 of the above, and the 4th insulating layer 57 of the above 
ppears from aforementioned opposed face Hla. In this invention, flattening processing has accomplished the upper 
lrface of the 4th insulating layer 57 of the above, and the upper surface of the aforementioned yoke layer 35 using 
MP technology etc. 

)077] As for the 4th insulating layer 57 of the above, being formed by the inorganic insulating material is desirable, 
id at least one or more sorts in AlO, aluminum 203, Si02 and Ta 205, TiO and A1N, AlSiN, TiN and SiN, Si3N4, 
iO, WO, W03, BN and CrN, and SiON can be chosen as the aforementioned inorganic insulating material. 
)078] And in this invention, it applies on the yoke layer 35 from on the 4th insulating layer 57 of the above by which 
attening was carried out [ aforementioned ], and the main pole layer 24 is formed. 

)079] Drawing.14 is the plan of the vertical-magnetic-recording head shown in drawing 3 . As shown in drawing 14 , 
at-surface formation of the aforementioned yoke layer 35 is carried out at 35d of back end fields in which the 
forementioned width-of-face size spreads on a target gradually towards the height direction back from front field 35c 
f **** by which the width-of-face size to the direction of the width of recording track was made thin, and this end 
ice. 

)080] In addition, the width-of-face size to the direction of the width of recording track of the aforementioned front 
eld 35c is formed more greatly than the width of recording track Tw. 

)081] As shown in drawing 14 , front end side 24a appears in the aforementioned opposed face Hla, and the upper 
orface of the aforementioned front end side 24a is formed for the main pole layer 24 formed on the aforementioned 
oke layer 35 from on the 4th insulating layer 57 of the above, having applied by the width of recording track Tw. The 
forementioned main pole layer 24 is a width-of-recording-track size from aforementioned front end side 24a to the 
eight direction back, or flat-surface formation is carried out from it at 24d of back fields in which the size of the width 
f recording track spreads on a target gradually towards the height direction back from mist and broad and formed 
ont field 24c and aforementioned field [ front ] 24c. 

)082] In addition, it does not pass over the configuration shown in drawing 14 to an example, and this invention is not 
mited to this configuration. Namely, in this invention, the area of the cross section which is when cutting the 
forementioned yoke layer 35 from a direction parallel to the aforementioned opposed face Hla should just become 
irger than the area of front end side 24a of the aforementioned main pole layer. 

)083] For example, gradually, front field 35c of**** may not be formed in the aforementioned yoke 35, but it may be 
>rmed only at 35d of back fields at it, and 24d of back fields where a width-of-face size spreads on a target is not 
>rmed, but as shown by the alternate long and short dash line, the field of**** may be extended even back and may 
e formed in the main pole layer 24. 

)084] Drawing 4 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
le 4th operation gestalt in this invention. 

)085] The difference from drawing 3 is only the point that the main pole layer 24 is formed in the height direction 
ack by short length from aforementioned opposed face Hla. 
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K)86] Drawing 15 is the plan of the vertical-magnetic-recording head shown in drawing 4 . As shown in drawing 15 , 
is formed by short length, main pole applying [ aforementioned / 24 ] it on the aforementioned yoke layer 35 from on 
e 4th insulating layer 57 made into the same flat side as the upper surface of the aforementioned yoke layer 35. The 
brementioned main pole layer 24 is formed by the width of recording track Tw with the minute length of the 
rection of the width of recording track of the upper surface of the front end side 24a, and maintains this width-of-face 
ze, or becomes a little broader than this width-of-face size, and is formed towards the height direction back. It may be 
>rmed although front field 35c of **** as shown in drawing 14 is not formed in the yoke layer 35 shown in drawing 
5 . At drawing 1 5 , the aforementioned yoke layer 35 is formed in the configuration to which the width-of-face size of 
e direction of the width of recording track spreads on a target gradually. 

)087] Drawing 1 6 is plan with the another vertical-magnetic-recording head shown in drawing 4 , and the 
brementioned main pole layer 24 of the difference from drawing 1 5 is the point that the width-of-face size from front 
sld 24c and the end face of **** to the direction of the width of recording track consists of 24d of back fields which 
>read on a target gradually. Introduction of the magnetic flux from the aforementioned yoke layer 35 to the main pole 
yer 24 can be made good by this, and it is possible to manufacture the vertical recording magnetic head which can 
tain high recording density-ization effectively. 

►088] In addition, it does not pass over the configuration shown in d rawing 15 and drawing 16 to an example, and this 
vention is not limited to this configuration. Namely, in this invention, the area of the cross section which is when 
itting the aforementioned yoke layer 35 from a direction parallel to the aforementioned opposed face Hla should just 
jcome larger than the area of front end side 24a of the aforementioned main pole layer. 

i089] Drawing 5 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
e 5th operation gestalt in this invention. 

>090] By the vertical-magnetic-recording head and drawing 1 which are shown in drawing 5 , the structures of the 
ain pole layer 24 and the yoke layer 35 differ. 

►091] Although the thickness H8 of the yoke layer 35 is formed also with the structure shown in drawing 5 more 
•eatly than the thickness H7 of the main pole layer 24, the aforementioned main pole layer 24 is upper surface 33a of 
e aforementioned insulating layer 33, and is formed in the height direction (direction of illustration Y) back by short 
ngth from aforementioned opposed face Hla. Although its distance is furthermore kept a little in the height direction 
om the back end side of the aforementioned main pole layer 24 and the 3rd new insulating layer 58 is formed in piles 
l the aforementioned insulating layer 33, the 3rd insulating layer 58 of the above is not formed on the aforementioned 
>nnection layer 25 and the bottom raising layer 3 1 . 

►092] As for the above 58, being formed by the inorganic insulating material is desirable, and at least one or more 
»rts in AlO, aluminum 203, Si02 and Ta 205, TiO and AIN, AlSiN, TiN and SiN, Si3N4, NiO, WO, W03, BN and 
rN, and SiON can be chosen as the aforementioned inorganic insulating material. 

»093] Moreover, although a part of 3rd insulating layer 58 of the above is formed also on the aforementioned main 
)le layer 24, it is not formed on end face section 24b of the aforementioned main pole layer 24. The 3rd insulating 
yer 58 of the above formed on the aforementioned main pole layer 24 has the role which protects the aforementioned 
ain pole layer 24 from etching at the time of removing the plating ground layer formed in the circumference of the 
)ke layer 33 so that it may explain by the below-mentioned manufacture method. 

►094] The yoke layer 35 is formed on the 3rd insulating layer 58 formed in the height direction back rather than the 
brementioned main pole layer 24. It was formed on end face section 24b of the aforementioned main pole layer 24 
Lposed from hole 58a formed in the 3rd insulating layer 58 of the above, and the front of the aforementioned yoke 
yer 35 has connected with the aforementioned main pole layer 24 magnetically. 

>095] Front end side 35a of the aforementioned yoke layer 35 is formed in a back side rather than opposed face Hla, 
id, in the opposed face Hla side, it will be buried from the aforementioned front end side 35a by the protective layer 
Moreover, being formed in respect of the inclined plane which is missing from the upper surface from an inferior 
irface of tongue, and becomes deep towards the height direction, or a curve can suppress that a magnetic field leaks 
om the aforementioned main pole layer 24 to the aforementioned yoke layer 35, and the aforementioned front end 
de 35a has it, as shown in drawin g 5 . [ desirable ] 

1096] As for the exterior angle theta between the aforementioned front end side 35a and an inferior surface of tongue, 
is desirable that it is 90 degrees or more. Moreover, it was formed on the aforementioned connection layer 25, and 
id face section 35b of the aforementioned yoke layer 35 has connected magnetically. 

>097] Moreover, the lead layer 36 formed at the same process as the aforementioned yoke layer 35 is formed on the 
brementioned bottom raising layer 3 1 . 

>098] Drawing 17 is the plan of the vertical-magnetic-recording head shown in drawing 5 . As shown in drawing 1 7 , 
e aforementioned main pole layer 24 consists of 24d of back fields in which the width-of-face size from this end face 
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• front field 24c which the width-of-face size of the direction of the width of recording track of the upper surface of 
ont end side 24a is formed with the minute size of the width of recording track Tw, and maintains this width-of-face 
ze, or becomes a little broad towards the height direction, and the direction of the width of recording track spreads on 
target gradually. Or as shown in an alternate long and short dash line, the aforementioned main pole layer 24 may 
insist of only front fields which maintain the width of recording track Tw, or become a little broad towards the height 
Irection. 

)099] As shown in drawing 17 , the yoke layer 35 which connected magnetically on end face section 24b of the 
forementioned main pole layer 24 is formed in the configuration to which the size of the direction of the width of 
wording track spreads on a target gradually towards the height direction back. In addition, front field 35c of **** 
lown by drawing 14 etc. may be formed in the aforementioned opposed face HI a side of the aforementioned yoke 
yer 35. 

)100] In addition, it does not pass over the configuration shown in drawing 17 to an example, and this invention is not 
mited to this configuration. Namely, in this invention, the area of the cross section which is when cutting the 
rbrementioned yoke layer 35 from a direction parallel to the aforementioned opposed face HI a should just become 
rger than the area of front end side 24a of the aforementioned main pole layer. 

)101] Drawing_6 is drawing of longitudinal section showing the structure of the vertical-magnetic-recording head of 
le 6th operation gestalt in this invention. 

)1 02] The difference from drawing 1 is in the structure of the main pole layer 24 and the yoke layer 35. In drawing 6 , 
ie magnetic material layer 69 which the portion of the aforementioned main pole layer 24 and the portion of the 
? orementioned yoke layer 35 unified is formed on the aforementioned insulating layer 33. As shown in drawingj) , the 
ibrementioned magnetic material layer 69 consists of a main pole layer 24 of a front field, and a yoke layer 35 of the 
ick field formed towards the height direction from the end face of the aforementioned front field to predetermined 
ngth from aforementioned opposed face HI a to the height direction back. It was formed in upper surface 25a of the 
? orementioned connection layer 25, and end face section 35b of the back field used as the aforementioned yoke layer 
5 has connected magnetically. 

)103] With this operation gestalt, as shown in drawing 6 , the thickness H10 of the aforementioned yoke layer 35 is 
>rmed more thickly than the thickness H9 of the aforementioned main pole layer 24. 

)104] Drawing 1 8 is the plan of the vertical-magnetic-recording head shown in drawing 6 . As shown in drawing 1 8 , 
ie upper surface of front end side 24a of the main pole layer 24 is formed by the width of recording track Tw with the 
dnute width-of-face size of the direction of the width of recording track. Front field 24c which maintains this width- 
f-face size, or becomes a little broad towards the height direction is formed, and the aforementioned front field 24c 
as become the main pole layer 24. And the back end field used as the yoke layer 35 to which it applies in the height 
irection from the end face of the aforementioned front field 24c, and the width-of-face size of the direction of the 
idth of recording track spreads on a target gradually unifies, and is formed. 

)105] As mentioned above, although the structure of the operation gestalt of this invention shown in drawing 1 or 
rawing 6 was explained, it is as follows when the focus in this invention is summarized. 

)106] (1) the above — also in which operation gestalt, the aforementioned main pole layer 24 is formed on the field by 
hich flattening was carried out Drawing 1 , drawing 2 , drawing 5 , and drawing 6 are formed on an insulating layer 
3, and flattening of the upper surface 33a of the aforementioned insulating layer 33 is carried out by polish processing 
y CMP technology etc. Moreover, in drawing 3 and drawing 4 , it is formed on the 4th insulating layer 57 and the 
}ke layer 35, and flattening of the upper surface of the 4th insulating layer 57 of the above and the yoke layer 35 is 
jrried out by polish processing of CMP technology etc. 

)107] Thus, by this invention, with any operation gestalt, since the aforementioned main pole layer 24 is formed on 
ie flattening side, it can raise the pattern precision at the time of forming the aforementioned main pole layer 24, and 
in form the upper surface of end-face 24a correctly and easily before the aforementioned main pole layer 24 
specially at the minute width of recording track Tw. Therefore, in this invention, it can respond to ** truck-ization 
Dpropriately, and it is possible to manufacture the vertical-magnetic-recording head which can respond to future high 
wording density-ization. In addition, in this invention, as for the aforementioned width of recording track Tw, it is 
esirable that it is 0.7 micrometers or less, and it is 0.5 micrometers or less more preferably. 

)108] (2) By this invention, the thickness of the yoke layer 35 can be formed with any operation gestalt more thickly 
lan the thickness of the main pole layer 24. With the operation gestalt shown in drawing 1 or drawing 5 , the main 
ole layer 24 and the yoke layer 35 are separately formed by each. Thus, by making the manufacturing process of the 
lain pole layer 24 and the yoke layer 35 into another process, the thin main pole layer 24 of thickness and the thick 
oke layer 35 of thickness can be formed easily, and the aforementioned yoke layer 35 which therefore has the cross 
jction larger enough than front end side 24a of the aforementioned main pole layer 24 can be formed. Therefore, a 
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;cord magnetic field can be drawn suitable for the aforementioned main pole layer 24 from the aforementioned yoke 
yer 35, and the passage efficiency of magnetic flux becomes good and can improve an over-writing property. 
)109] Moreover, although the main pole layer 24 and the yoke layer 35 are formed in one with the operation gestalt 
lown in drawing 6 , also in this operation gestalt, it is possible to form the thickness of the aforementioned yoke layer 
5 more thickly than the thickness of the aforementioned main pole layer 24 by preparing a level difference between 
le aforementioned yoke layer 35 and the main pole layer 24. In addition, about the manufacture method, it mentions 
ter. 

>1 10] (3) With the operation gestalt shown in drawing 1 or drawing 5 , since the main pole layer 24 and the yoke layer 
5 are separately formed by each, the width-of-recording-track size of the main pole layer 24 can be set up as a thing 
ifferent from the width-of-face size of the aforementioned yoke layer 35. 

)1 1 1] Namely, if it is the configuration with which the main pole layer 24 and the yoke layer 35 were united like 
rfore Linear dimension to the height direction of the main pole layer 24 formed by the width of recording track Tw is 
lortened as much as possible. It becomes possible for the direction which forms the broad yoke layer 35 in the 
Dsition from which it is not so much separated of distance in the height direction to be able to protect the magnetic 
ituration of the aforementioned main pole layer 24 from aforementioned opposed face HI a, to be able to make the 
rbrementioned main pole layer 24 collect magnetic flux, and to obtain high recording density. 

)1 12] However, if linear dimension to the height direction of the aforementioned main pole layer 24 is shortened too 
luch, from the problem of pattern precision, the predetermined width of recording track Tw will be hard to prescribe 
le width-of-face size of front end side 24a of the aforementioned main pole layer 24, and it will become easy to 
snerate dispersion in the configuration of the width of recording track Tw or the main pole layer 24. 
)1 13] On the other hand, when forming separately the main pole layer 24 and the yoke layer 35 like this invention, for 
cample, as shown in drawing 12 or drawing 1 7 Even if it forms front field 24c of **** formed by the width of 
icording track Tw of the aforementioned main pole layer 24 for a long time Since it becomes possible to lay the 
forementioned yoke layer 35 on top of the front field 24c top of the aforementioned main pole layer 24, or the bottom, 
id to bring close and form the aforementioned yoke layer 35 in the aforementioned opposed face HI a side While 
sing able to aim at concentration of magnetic flux, it becomes possible for pattern precision to be good and to form 
te aforementioned main pole layer 24 by the predetermined width of recording track Tw. Moreover, the flexibility of 
design of the main pole layer 24 and the yoke layer 35 increases. 

)1 14] Therefore, when forming the yoke layer 35 on 24d of broad back fields formed in the main pole layer 24 in the 
ise of drawing 1 as shown in drawing 10 if it carries out from the above-mentioned viewpoint, front field 24c of the 
forementioned main pole layer 24 must be made short to LI, and it becomes easy to generate dispersion in the width 
f recording track Tw or a configuration. For this reason, if the circumference of the aforementioned main pole layer 
\ is fill uped with the 2nd insulating layer 56 and flattening of the aforementioned main pole layer 24 and the 2nd 
isulating layer 56 is carried out with CMP technology as shown in drawing 1 1 and drawing 12 Since it becomes 
Dssible to form the yoke layer 35 on the 2nd insulating layer 56 by which flattening was carried out As shown in 
ra wing 12 , the yoke layer 35 can be piled up on front field 24c of the main pole layer 24, therefore, front field 24c of 
le aforementioned main pole layer 24 is extended for a long time to L2, pattern precision is raised, and it becomes 
Dssible to form by the predetermined width of recording track Tw. 

)1 15] (4) With any operation gestalt of this invention, as shown in drawi n g 7 and d rawing 8 (all are front view), it is 
le inclined plane or curve side where the width-of-face size to the direction of the width of recording track (the 
irection of illustration X) spreads [ the side sides 24g and 24g of front end side 24a of the main pole layer 24 ] 
wards an inferior surface of tongue to the upper surface. And the upper surface (end face by the side of trailing of the 
tain pole layer 24) of front end side 24a of the aforementioned main pole layer 24 is regulated as the width of 
wording track Tw. 

)1 16] Thus, if the side sides 24g and 24g of front end side 24a of the aforementioned main pole layer 24 are made into 
i inclined plane or a curve side and the configuration of the aforementioned front end side 24a is a **** trapezoidal 
lape The 24g of the aforementioned side sides shown by (iii) though an angle of skew is produced as the dashed line 
f drawing 9 shows when the aforementioned **** medium records by running to an illustration Z direction does not 
verflow aslant the recording track width of face Twl into the side greatly. Therefore, fringing by the 24g of the 
forementioned side sides can be prevented now, and improvement in an off-track performance can be aimed at. 
)1 17] Moreover, as shown in the dotted line of drawing 7 and drawing 8 , although the upper surfaces 33a and 57b of 
le insulating layers 33 and 57 currently formed in the inferior-surface-of-tongue both sides of the aforementioned 
lain pole layer 24 are inclining or curving in the direction of an inferior surface of tongue as they separate from the 
lain pole layer 24, they depend this on the influence of etching at the time of removing the aforementioned insulating 
tyers 33 other than under the aforementioned main pole layer 24, and the excessive plating ground layer 71 formed on 
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7. 

)1 18] (5) When forming separately the main pole layer 24 and the yoke layer 35 like the operation gestalt shown in 
rawing 1 or drawing.5 , it is possible to form the main pole layer 24 by the magnetic material which has saturation 
lagnetic flux density higher than the aforementioned yoke layer 35. 

)1 19] This sometimes gives the magnetic flux phi with high density perpendicularly possible to the hard side Ma of a 
jcord medium M from front end side 24a of the aforementioned main pole layer 24 with the cross section of the 
irection of the width of recording track smaller than the aforementioned yoke layer 35, and an over- writing property 
an be raised. 

)120] With this vertical-magnetic-recording head H, if record current is given to the coil layer 27 through the lead 
tyer 36, a record magnetic field will be guided to the auxiliary magnetic pole layer 21 and the yoke layer 35 by the 
urrent magnetic field of the current which flows the coil layer 27. As shown in each operation gestalt, in opposed face 
[la, the leakage record magnetic field from front end side 24a of the aforementioned main pole layer 24 and front end 
de 21b of the auxiliary magnetic pole layer 21 penetrates the hard side Ma of a record medium M, and passes through 
le soft side Mb. Since the area of front end side 24a of the aforementioned main pole layer 24 is smaller enough than 
le area of front end side 21b of the auxiliary magnetic pole layer 21, it leaks to front end side 24a of the 
forementioned main pole layer 24, the magnetic flux phi of a record magnetic field concentrates, the aforementioned 
ard side Ma is perpendicularly magnetized by this magnetic flux phi currently concentrated, and magnetic data are 
jcorded. 

)121] Next, the manufacture method of the vertical-magnetic-recording head of each operation gestalt is explained 
elow. Drawing 19 or drawing 21 is the common manufacturing process of each operation gestalt. In addition, 1 
rocess drawing shown in drawing 32 from drawing 19 shows drawing of longitudinal section of a vertical-magnetic- 
jcording head. 

)122] At the process shown in drawin g 19 , after forming the auxiliary magnetic pole layer 21 made from a magnetic 
laterial on the nonmagnetic insulating layer 12, the height direction back of the aforementioned auxiliary magnetic 
ole layer 21 is also fill uped with the aforementioned nonmagnetic insulating layer 12, and carries out flattening 
rocessing of the upper surface of the aforementioned auxiliary magnetic pole layer 21 and the nonmagnetic insulating 
lyer 12 using CMP technology etc. further. 

)123] Next, behind [ height direction ] the aforementioned auxiliary magnetic pole layer 21, plating formation of the 
Dnnection layer 25 made from a magnetic material is carried out, it applies to the upper surface of the connection layer 
5 from the auxiliary magnetic pole layer 21 aforementioned upper surface further, the spatter of the inorganic 
isulating material is carried out, and the nonmagnetic insulating layer 26 is formed in it. 
)124] Next, as shown in drawing 20 , the coil layer 27 is formed with frame plating on the aforementioned 
onmagnetic insulating layer 26, and similarly the bottom raising layer 3 1 is further formed by plating. At this time, 
le coil layer 27 is fully formed in a low position rather than the height of the aforementioned connection layer 25. And 
le aforementioned coil layer 27 and the bottom raising layer 3 1 are covered by the insulating layer 32 of an organic 
laterial, further, the spatter of the inorganic insulating material is carried out, and the wrap insulating layer 33 is 
>rmed for all layers. 

)125] Next, polish processing is performed from the illustration upper part to each class formed by the state of 
rawing 20 using CMP technology etc. This polish processing is performed to the position of the level surface (L-L 
ide) which crosses all the aforementioned insulating layers 33, the connection layers 25, and bottom raising layers 31 . 
)126] As a result of the aforementioned polish processing, as shown in drawing 21 , it is processed so that all of 
orface 25a of the connection layer 25, surface 33a of an insulating layer 33, and surface 31a of the bottom raising 
lyer 3 1 may become the same field. 

)127] It is the manufacturing process in which even this is common in each operation gestalt. Next, the manufacture 
lethod of the vertical-magnetic-recording head of the structure shown in drawing JL is explained. 
)1 28] At the process shown in drawing 22 , the resist layer 60 is first formed in upper surface 33a of the 
forementioned insulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 3 la of 
le bottom raising layer 3 1 , by exposure development, the main pole layer 24 extracts and pattern 60a is formed. The 
forementioned omission pattern 60a is formed even in upper surface 25a of the aforementioned connection layer 25 
:om opposed face HI a with a record medium. Moreover, it extracts, even if it applies to the height direction (direction 
f illustration Y) back from upper surface 31a of the aforementioned bottom raising layer 31, and a pattern is formed. 
Lnd in the aforementioned omission pattern 60a, plating formation of the main pole layer 24 is carried out, and the 
ccount resist layer 60 of back to front is removed. The main pole layer 24 prolonged from aforementioned opposed 
ice HI a to the connection layer 25 by this is formed. In addition, since it is covered with the plating ground layer at 
le time of the aforementioned main pole layer 24 formation (not shown) all over the insulating layer 33, it leaves the 
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brementioned plating ground layer formed in the bottom of the aforementioned main pole layer 24, and other plating 
round layers are removed by etching. Although the aforementioned main pole layer 24 is also deleted in part at this 
me, thereby, the width of recording track Tw of the upper surface (end face by the side of trailing) of the 
brementioned main pole layer 24 becomes narrow, and it becomes possible to manufacture the vertical-magnetic- 
icording head which can respond to ** truck-ization. 

)129] Next, at the process shown in d rawin g 23 , the resist layer 61 is formed the whole surface on the 
brementioned main pole layer 24 and an insulating layer 33. Let the aforementioned resist layer 61 be thickness 
ticker than the aforementioned main pole layer 24. Then, by exposure development, the yoke layer 35 extracts and 
ittern 61a is formed. It is made for front end side 61b of the aforementioned omission pattern 61a to be located in the 
sight direction back rather than opposed face HI a with a record medium at this time. And plating formation of the 
Dke layer 35 is carried out into the aforementioned omission pattern 61a, and the account resist layer 61 of back to 
ont is removed. The yoke layer 35 of thickness thicker than the aforementioned main pole layer 24 piles up on the 
brementioned main pole layer 24 by this. 

)130] In addition, since the aforementioned plating ground layer is unnecessary like drawing 10 when forming the 
brementioned yoke layer 35 only on the main pole layer 24, the removal process of the aforementioned plating 
round layer is unnecessary. 

)131] Moreover, in the case of drawing 1 1 and d rawing 12 , after covering the circumference of the aforementioned 
iain pole layer 24 by the 2nd insulating layer 56 of an inorganic insulating material, the upper surface of the 
brementioned main pole layer 24 and the upper surface of the 2nd insulating layer 56 of the above are processed into 
ie same flattening side using CMP technology. Then, as shown in the process of drawing 23 , plating formation of the 
)ke layer 35 is carried out in piles on the aforementioned main pole layer 24. At this time, the width-of-face size in 
e direction of the width of recording track of the aforementioned yoke layer 35 may be broader than the width-of- 
.ce size of the aforementioned main pole layer 24 and the aforementioned main pole layer in the piled-up position, 
[oreover, in this case, it is not necessary to extend the aforementioned main pole layer 24 for a long time, and to form 
even on the connection layer 25, and the aforementioned main pole layer 24 can be formed by short linear dimension 
) that it may be shown at the time of the drawing 22 process. Moreover, end face section 35b of the aforementioned 
}ke layer 35 is formed in upper surface 25a of the aforementioned connection layer 25 in this case, and end face 
action 35b of the aforementioned yoke layer 35 and the connection layer 25 are connected magnetically. 
U32] In addition, although the resist layer 61 left behind to the opposed face Hla side rather than front end side 61b 
f the aforementioned omission pattern 61a is formed in respect of the inclined plane which the back end side 61c is 
issing from the upper surface from an inferior surface of tongue, and becomes deep gradually in the height direction, 
• the curve as shown in drawing 23 This can be attained by using the resist layer 61 which changes the kind of resist 
yer 61, leaves the portion by which exposure development was carried out, and can remove the portion by which 
cposure development is not carried out. Moreover, it can form in the inclined plane or curve side which inclines in the 
sight direction (the direction of illustration Y), applying front end side 35a of the aforementioned yoke layer 35 to the 
5per surface from an inferior surface of tongue by this. 

)133] The vertical-magnetic-recording head shown in drawing 1 according to the above-mentioned process is 
>mpleted. Drawing 24 and drawing 25 are 1 process drawings of the manufacture method of the verti cal -magneti c- 
:cording head shown in drawing 2 . 

>134] At the process shown in drawing 24 , the resist layer 62 is formed in upper surface 33a of the aforementioned 
sulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 3 la of the bottom raising 
yer 31, by exposure development, the main pole layer 24 extracts and pattern 62a is formed. The aforementioned 
nission pattern 62a is formed in the height direction (direction of illustration Y) back by short length from 
brementioned opposed face Hla. And after carrying out plating formation of the main pole layer 24 into the 
brementioned omission pattern 62a, the aforementioned resist layer 62 is removed. 

>135] Next, at the process shown in drawing_25 , after forming the resist layer 63 the whole surface on the 
brementioned main pole layer 24 and an insulating layer 33, the yoke layer 35 extracts in the aforementioned resist 
yer 63, and pattern 63a is formed. In addition, the thickness of the aforementioned resist layer 63 is formed more 
ickly than the thickness of the aforementioned main pole layer 24. Moreover, the aforementioned resist layer 63 
ctracts and it is made for front end side 63b of pattern 63a to be located in 24f of back end sides of the 
brementioned main pole layer 24. Furthermore, the aforementioned omission pattern 63a is formed even on the 
)nnection layer 25. And plating formation of the yoke layer 35 is carried out into the aforementioned omission pattern 
?a, and the aforementioned resist layer 63 is removed after that. 

1136] Thereby, the yoke layer 35 with larger thickness than the aforementioned main pole layer 24 can be formed 
om 24f of back end sides of the aforementioned main pole layer 24. Moreover, the aforementioned yoke layer 35 is 
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lagnetically connected on the aforementioned connection layer 25. In addition, since it is covered with the plating 
round layer (not shown) all over the insulating layer 33, it leaves the aforementioned plating ground layer formed in 
ie bottom of the aforementioned main pole layer 24, and other plating ground layers are removed by etching, 
lthough the aforementioned main pole layer 24 is also deleted in part at this time, thereby, the width of recording 
ack Tw of the aforementioned main pole layer 24 becomes narrow, and it becomes possible to manufacture the 
srtical -magnetic-recording head which can respond to ** truck-ization. 

)137] Moreover, by this manufacture method, ** truck-ization is realizable, keeping large the height size of the 
? orementioned main pole layer 24, since the main pole layer 24 is only **(ed) by 1 time of the etching process while 
ie removal process of the aforementioned plating ground layer can be managed with 1 time after yoke layer 35 
>rmation and being able to simplify a manufacturing process. 

)138] The vertical-magnetic-recording head shown in drawing 2 according to the above-mentioned process is 
>mpleted. The process shown in drawing 26 or drawing 28 is 1 process drawing showing the manufacturing process 
f drawing. .3 and the vertical -magnetic-recording head shown in 4. 

)1 39] At the process shown in drawing 26 , the resist layer 64 is formed in upper surface 33a of the aforementioned 
isulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 31a of the bottom raising 
yer 3 1, by exposure development, the yoke layer 35 extracts and pattern 64a is formed. 

)140] As shown in drawing 26 , front end side 64b of the aforementioned omission pattern 64a is formed in the height 
irection back side rather than the aforementioned opposed face HI a. Moreover, although the aforementioned front end 
de 64b and back end side 64c of the resist layer 64 left behind among the aforementioned opposed face H la are the 
iclined plane which is missing from the upper surface from an inferior surface of tongue, and inclines to the 
forementioned opposed face Hla side, it is possible to form by this inclined plane's heat-treating in the 
forementioned resist layer 64, and making whom generate. Moreover, the aforementioned omission pattern 64a is 
>rmed even on the aforementioned connection layer 25. 

)141] And plating formation of the yoke layer 35 is carried out into the aforementioned omission pattern 64a, and the 
xount resist layer 64 of back to front is removed. Front end side 35a can form the aforementioned yoke layer 35 
■cated in the height direction back side rather than the aforementioned opposed face Hla by this. Moreover, as for the 
forementioned front end side 35a, it is desirable that it is the inclined plane or curve side which is missing from the 
Dper surface from an inferior surface of tongue, and inclines to the height direction back. Moreover, as for the exterior 
lgle theta between the aforementioned inclined plane 35a and the upper surface, it is desirable that it is 90 degrees or 
lore. Moreover, the aforementioned yoke layer 35 has connected magnetically on the aforementioned connection 
yer 25. 

)142] In addition, after removing the aforementioned resist layer 63, the plating ground layer (not shown) formed in 
Drtions other than under the aforementioned yoke layer 35 is removed by etching. 

U43] Next, at the process shown in drawing 27 , the 4th insulating layer 57 by the inorganic insulating material is 
>rmed on the aforementioned yoke layer 35 and an insulating layer 33. Polish processing of the 4th insulating layer 57 
f the above is carried out with CMP technology from the M-M line furthermore shown in drawing 27 , and, thereby, 
ie upper surface of the 4th insulating layer 57 of the above and the upper surface of the yoke layer 35 are made in the 
ime flattening side. 

)144] Next, at the process shown in drawing 28 , the resist layer 65 is formed on the 4th insulating layer 57 of the 
)ove, and the aforementioned yoke layer 35, the main pole layer 24 extracts in the aforementioned resist layer 65, and 
attern 65a is formed. 

)145] As shown in drawing 28 , thickness of the aforementioned resist layer 65 is made smaller than the thickness of 
ie aforementioned yoke layer 35, moreover the aforementioned resist layer 65 extracts, and front end side 65b of 
attern 65a is formed so that it may become the same field as opposed face HI a. If the configuration of the main pole 
yer 24 can be formed like drawing 3 if it forms even on the same field as the back end side of the yoke layer 35 like 
rawing 28 about back end side 65c of the aforementioned omission pattern 65a, and back end side 65c of the 
forementioned omission pattern 65 is short formed in the opposed face Hla side, the configuration of the 
forementioned main pole layer 24 can be formed like drawing 4 . 

)146] And plating formation of the main pole layer 24 is carried out into the aforementioned omission pattern 26, and 
ie account resist layer 65 of back to front is removed. Thereby, front end side 24a appears in opposed face Hla, and 
in form the main pole layer 24 with thickness thinner than the yoke layer 35 in piles on the aforementioned yoke layer 
5. 

)147] In addition, since it is covered with the plating ground layer (not shown) of the aforementioned main pole layer 
1 all over the 4th insulating layer 57 and the yoke layer 35, it leaves the aforementioned plating ground layer formed 
i the bottom of the aforementioned main pole layer 24, and other plating ground layers are removed by etching. 
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lthough the aforementioned main pole layer 24 is also deleted in part at this time, thereby, the width of recording 
ack Tw of the aforementioned main pole layer 24 becomes narrow, and it becomes possible to manufacture the 
srtical-magnetic-recording head which can respond to ** truck-ization. 

>148] The vertical-magnetic-recording head shown in drawing 3 or dr aw ing 4 according to the above-mentioned 
ocess is completed. Next, the manufacture method of the vertical-magnetic-recording head shown in drawing 5 is 
cplained using process drawing of drawing. 29 or dr awin g 32 . 

»149] At the process shown in drawing 29 , the resist layer 66 is formed in upper surface 33a of the aforementioned 
.sulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 31a of the bottom raising 
yer 31, by exposure development, the main pole layer 24 extracts and pattern 66a is formed. The aforementioned 
nission pattern 66a is formed in the height direction (direction of illustration Y) back by short length from 
brementioned opposed face HI a. And after carrying out plating formation of the main pole layer 24 into the 
brementioned omission pattern 66a, the aforementioned resist layer 66 is removed. In addition, since it is covered 
ith the plating ground layer (not shown) all over the insulating layer 33, it leaves the aforementioned plating ground 
yer formed in the bottom of the aforementioned main pole layer 24, and other plating ground layers are removed by 
ching. Although the aforementioned main pole layer 24 is also deleted in part at this time, thereby, the width of 
wording track Tw of the aforementioned main pole layer 24 becomes narrow, and it becomes possible to manufacture 
e vertical-magnetic-recording head which can respond to ** truck-ization. 

>1 50] Next, at the process shown in drawing 30 , the 3rd insulating layer 58 of the thin thickness by inorganic 
sulating materials, such as aluminum 203 and Si02, is formed in the whole surface on the aforementioned main pole 
yer 24 and an insulating layer 33. 

H51] Next, at the process shown in drawing 31 , using a resist layer (not shown), a part of 3rd insulating layer 58 of 
e above is removed, and Holes 58a and 58b are formed. One aforementioned hole 58a is formed on end face section 
lb of the aforementioned main pole layer 24. Moreover, hole 58b of another side is formed on the connection layer 
5. 

II 52] Next, at the process shown in drawing 32 , the resist layer 67 of thickness thicker than the aforementioned main 
Die layer 24 is formed on the 3rd insulating layer 58 of the above, the yoke layer 35 extracts in the aforementioned 
«ist layer 67, and pattern 67a is formed by exposure development. 

>153] As shown in drawing 32 , front end side 67b of the aforementioned omission pattern 67a is formed in the height 
rection back side rather than opposed face HI a, and the aforementioned omission pattern 67a is extended and formed 
/en on the aforementioned connection layer 25. 

H 54] In addition, although the resist layer 67 left behind to the opposed face HI a side rather than front end side 67b 
f the aforementioned omission pattern 67a is formed in respect of the inclined plane which the back end side 67c is 
issing from the upper surface from an inferior surface of tongue, and becomes deep gradually in the height direction, 
* the curve as shown in drawing 32 This can be attained by using the resist layer 67 which changes the kind of resist 
yer 67, leaves the portion by which exposure development was carried out, and can remove the portion by which 
cposure development is not carried out. 

U55] And plating formation of the yoke layer 35 is carried out into the aforementioned omission pattern 67a, and the 
brementioned resist layer 67 is removed. Thereby, the aforementioned front end side 35a is located in the height 
xection back side, and can form the yoke layer 35 with thickness thicker than the aforementioned main pole layer 24. 
1156] In addition, the aforementioned yoke layer 35 is magnetically connected like drawing 32 , respectively on end 
ice section 24b of the aforementioned main pole layer 24, and the connection layer 25. Moreover, after removing the 
brementioned resist layer 67, the plating ground layer (not shown) formed in portions other than under the 
brementioned yoke layer 35 is removed by etching. Since the upper surface of the aforementioned main pole layer 24 
protected by the 3rd insulating layer 58 at this time, it is avoidable that the aforementioned main pole layer 24 is 
sleted at the aforementioned etching process. 

)157] The vertical-magnetic-recording head shown in drawing 5 according to the above-mentioned process is 
)mpleted. Next, the manufacture method of the vertical-magnetic-recording head shown in drawing 6 is explained 
sing drawin g 33 and drawing 34 . 

)158] At the process shown in drawing 33 , the resist layer 68 is formed in upper surface 33a of the aforementioned 
tsulating layer 33, upper surface 25a of the connection layer 25, and the whole upper surface 31a of the bottom raising 
yer 31, by exposure development, the magnetic material layer 69 extracts and pattern 68a is formed. As shown in 
rawing 33 , front end side 68b of the aforementioned omission pattern 68a is formed on the same field as the 
brementioned opposed face HI a, and the aforementioned omission pattern 68a is extended and formed even on the 
[brementioned connection layer 25. 

)159] And plating formation of the magnetic material layer 69 is carried out into the aforementioned omission pattern 
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!a, and the aforementioned resist layer 68 is removed. In addition, since it is covered with the plating ground layer 
ot shown) all over the insulating layer 33, it leaves the aforementioned plating ground layer formed in the bottom of 
e aforementioned magnetic material layer 69, and other plating ground layers are removed by etching. 
160] As shown in drawi n g 33 , the front end side 69a appeared in the aforementioned opposed face HI a, and end 
ce section 69b will be magnetically connected by the aforementioned magnetic material layer 69 on the 
brementioned connection layer 25. 

•161] Next, at the process shown in drawi ng 34 , the resist layer 70 is formed on the aforementioned magnetic 
aterial layer 69, on the front of the aforementioned magnetic material layer 69, it extracts for main pole layer 24 
■rmation, and pattern 70a is formed by exposure development. 

»1 62] Next, a part of magnetic material layer 69 exposed under the aforementioned omission pattern 70a is removed 
i etching (dotted-line portion). The thickness of the magnetic material layer 69 left behind by this to the bottom of the 
brementioned omission pattern 70a becomes thin, this portion serves as the main pole layer 24, it does not 

but it becomes the yoke layer 35 and the vertical-magnetic-recording head of drawingjS with which the 
brementioned main pole layer 24 and the yoke layer 35 were united completes the thick magnetic material layer 69 of 
ickness. In addition, since plating ground layers other than under the magnetic material layer 69 are beforehand 
moved after forming the thick magnetic material layer 69 of thickness by this manufacture method, the thing for 
hich a manufacturing process is simplified - the 3rd insulating layer 58 for protecting the aforementioned main pole 
yer 24 so that the main pole layer 24 may not be deleted at the etching process of yoke layer 35 formation like the 
anufacturing process of drawing 29 or drawing 32 is unnecessary ~ is possible, for example. 

U63] The width of recording track Tw of the aforementioned main pole layer 24 can be made small by etching at the 
ne of being able to form the aforementioned main pole layer 24 with a sufficient pattern precision, and removing a 
ating ground layer by any above-mentioned manufacture method, since the aforementioned main pole layer 24 can be 
►rmed on a flattening side, and the vertical-magnetic-recording head which can respond to ** truck-ization 
;companying a raise in future recording density can be manufactured. 

H64] Moreover, at the process shown in drawing 22 or drawing 32 , since the main pole layer 24 and the yoke layer 

> can be formed at another process, thickness at the time of the aforementioned yoke layer 35 formation is made 
dcker than the thickness at the time of main pole layer 24 formation, and the thickness of the aforementioned yoke 
yer 35 can be easily formed greatly rather than the thickness of the main pole layer 24. Moreover, if the manufacture 
lethod of this invention is used when really forming the main pole layer 24 and the yoke layer 35, as shown in 
rawing 33 and 34, thickness of the aforementioned yoke layer 35 can be made thicker than the thickness of the 
brementioned main pole layer 24. 

)165] Furthermore by manufacturing at a separate process, the aforementioned main pole layer 24 and the yoke layer 
5 The width of recording track Tw of the main pole layer 24 can be set up as a thing different from the width-of-face 
ze of the aforementioned yoke layer 35. Since the aforementioned yoke layer 35 can be freely formed in the position 
sar opposed face HI a in the case of the structure of piling up the main pole layer 24 and the yoke layer 35 by the 
pper and lower sides like especially drawing ! , and 3 and 4, The linear dimension to the height direction of the 
forementioned main pole layer 24 can be formed for a long time conventionally, it is the predetermined width of 
wording track Tw, and moreover, it varies in a configuration and the aforementioned main pole layer 24 can be 
>rmed that there is nothing. 

)166] Although the manufacture method of the vertical-magnetic-recording head shown in drawmgj. or drawing 6 as 
lentioned above was explained, below, the formation method of front end side 24a of the aforementioned main pole 
lyer 24 in this invention is explained. Although drawing 35 or drawing^! is front view and being typically explained 
sing the manufacturing process ( drawing 22 ) of the vertical -magnetic-recording head of drawing JL , it is applicable 

> any manufacturing process of drawing 2 or the vertical-magnetic-recording head of drawing 6 . 

)167] Drawing 35 is the partial front view of the vertical-magnetic-recording head at the time of the manufacturing 
rocess shown in drawin g 22 . At the process shown in drawing^ , after forming the plating ground layer 71 of the 
forementioned main pole layer 24, the resist layer 60 is formed on this. 

)168] Next, it extracts for main pole layer 24 formation by exposure development in the aforementioned resist layer 
0, and pattern 60a is formed. Then, it heat-treats and the inside end face of the aforementioned resist layer 60 is 
roduced for whom (see the dotted line). Thereby, the inside end face of the aforementioned omission pattern 60a turns 
lto the inclined plane or curve side where it applies to the upper surface from an inferior surface of tongue, and the 
ddth-of-face size of the direction of the width of recording track (the direction of illustration X) spreads. 
3169] And like the process shown in drawing 36 , plating formation of the main pole layer 24 is carried out into the 
forementioned omission pattern 60a, and the aforementioned resist layer 60 is removed. The state is drawing 37 , and 
s shown in drawing 37 , the inclined plane or curve side where it applies to the upper surface from an inferior surface 
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tongue, and a width-of-face size spreads the both-sides side sides 24g and 24g of the direction of the width of 
sording track of the aforementioned main pole layer 24 is formed. 

170] Next, plating ground layers 71 other than plating ground layer 71 formed in the aforementioned main pole layer 
• bottom are removed in anisotropic etching. In addition, as for the aforementioned etching angle, it is desirable to 
in before and after 70 degrees at 45 degrees or more to a perpendicular direction. Unnecessary plating ground layer 
a is removed by this etching process. Moreover, the main pole layer 24 is also deleted in part according to the 
orementioned etching process. 

171] As shown in drawing 37 , by deleting the both-sides side sides 24g and 24g of the aforementioned main pole 
yer 24, the width of recording track Tw regulated with the width-of-face size of the upper surface of the 
orementioned main pole layer 24 becomes small (a dotted line shows), and can manufacture the vertical-magnetic- 
cording head which can respond to ** truck-ization. 

172] In addition, since it extends a little to the circumference under the aforementioned main pole layer 24 and the 
orementioned plating ground layer 71 may be left behind when nonmagnetic, for example, metallic materials, such as 
j, is used for the aforementioned plating ground layer 71, etching control can be simplified compared with the case 
here a magnetic metallic material is used for the aforementioned plating ground layer 71. 

173] Moreover, there is also a method of not using drawing 35 and a resist layer 60 like drawing 36 at the time of 
rmation of the aforementioned main pole layer 24. This forms the layer of an inorganic insulating material on the 
orementioned plating ground layer 71, after forming the aforementioned plating ground layer 71 with non-magnetic 
etal material. The resist layer in which the predetermined interval was furthermore vacated on the layer of the 
orementioned inorganic insulating material is formed, and etching removes the layer of the aforementioned inorganic 
sulating material exposed out of the aforementioned interval. The both-sides end face of the direction of the width of 
cording track in the removed space is formed in the configuration in which it applies to the upper surface from an 
ferior surface of tongue, and a width-of-face size spreads, and carries out plating formation of the main pole layer 24 
to this space. It is possible to form the main pole layer 24 in which the inclined plane or curve side where this is 
issing from the upper surface from an inferior surface of tongue the both-sides side sides 24g and 24g of the direction 
f the width of recording track, and a width-of-face size spreads was formed. 

•174] In addition, in this invention, the inclined plane which can keep setting to the height direction back rather than 
e aforementioned opposed face, and is shown in the inner end face of the both sides of a pattern at drawing 3 6 that 
e aforementioned resist layer 60 should just be formed so that it may spread at least as the inside width method of the 
xection of the width of recording track in the aforementioned opposed face HI a separates from the aforementioned 
lxiliary magnetic pole layer 21 does not need to be formed. 

U75] Moreover, with the operation gestalt shown in drawing J or drawing 6 , although read station HR is formed, this 
Des not need to be formed. 

£fftSt of the Invention] as mentioned above, by this invention, since a main pole layer is formed on the field by which 
attening was carried out, the pattern precision at the time of forming the aforementioned main pole layer is improved 
it can make - the aforementioned main pole layer - especially a front end side can be formed correctly and easily by 
le minute width of recording track Tw Therefore, in this invention, it can respond to ** truck-ization appropriately, 
id it is possible to manufacture the vertical-magnetic-recording head which can respond to future high recording 
ensity-ization. 

)177] Moreover, in this invention, the thickness of a yoke layer can be formed more thickly than the thickness of a 
lain pole layer, and the aforementioned yoke layer which has the cross section larger enough than the front end side of 
le aforementioned main pole layer can be formed. Therefore, a record magnetic field can be drawn suitable for the 
forementioned main pole layer from the aforementioned yoke layer, and the passage efficiency of magnetic flux 
ecomes good and can improve an over-writing property. 

D178] By moreover, the thing for which a main pole layer and a yoke layer are formed separately, and the 
forementioned yoke layer is laid on top of the aforementioned main pole layer top or the bottom Since it becomes 
ossible to bring the aforementioned yoke layer close freely and to form it in an opposed face side with a record 
ledium even if it forms the field of **** formed by the width of recording track Tw of the aforementioned main pole 
lyer for a long time While being able to aim at concentration of magnetic flux, it becomes possible for pattern 
recision to be good and to form the aforementioned main pole layer by the predetermined width of recording track 
'w. 

3179] Furthermore, by this invention, though the side side of the front end side of a main pole layer serves as the 
iclined plane or curve side where the width-of-face size to the direction of the width of recording track spreads 
Dwards the upper surface from the inferior surface of tongue and produces an angle of skew by this at the time of 
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tcord, it can prevent fringing, and it can aim at improvement in an off-track performance. 
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NOTICES * 

apan Patent Office is not responsible for any 
uivages caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
In the drawings, any words are not translated. 
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